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APPLICATION OF REMOTELY SENSE! LAND-USE INFORMATION
 
TO IMPROVE ESTIMATES OF STREA- FLOW CHARACTERISTICS
 
by Edward J. Pluhowski
 
Abstract
 
Land-use data derived from high-altitude photography and satellite
 
imagery are presented for 49 basins inDelaware, and eastern Maryland and
 
Virginia. Based on 1:100,000 scale maps from high-altitude photography,
 
basin land cover was extracted at the generalized Level I and the more
 
detailed Level IIclassification categories. Level I land-use data sum­
maries were prepared for 46 of the basins using the 1:250,000 scale maps
 
derived from Landsat imagery. Land cover in the basins ranged from 93.9
 
percent urban at Little Falls Branch near Bethesda, Maryland, to 96.2
 
percent agricultural at Morgan Creek near Kennedyville, Maryland.
 
Applying multiple regression techniques to a network of gaging stations
 
monitoring runoff from 39 of the basins, itwas demonstrated that land-use
 
data from high-altitude photography provides an effective means of signif­
icantly improving estimates of streamflow. Forty streamflow-characteristics
 
equations incorporating remotely sensed land-use information, were
 
compared with a control set of equations using map derived land cover.
 
Siginificant improvement was detected in six equations where Level I data
 
was added and infive equations where Level IIinformation was utilized.
 
Only four equations were improved significantly using land-use data derived
 
from Landsat imagery. Significant losses inaccuracy due to the use of
 
remotely sensed land-use information were detected only inestimates of
 
flood peaks. Losses inaccuracy for flood peaks were probably due to land
 
cover changes associated with temporal differences among the primary land­
use data sources.
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INTRODUCTION
 
Since 1888 when systematic streamflow records were first collected
 
by the U.S. Geological Survey, more than 16,000 sites have been gaged
 
in the United States (Carter and Davidian, 1968). Surface-water data are
 
used for many purposes such as evaluating the water supply available to
 
a town or city, designing bridges and culverts, or assessing the flood
 
potential along a particular watercourse. A well designed stream-gaging
 
network isof considerable value instudies attempting to assess man's
 
impact on the hydrologic cycle. For example, urbanization will change
 
streamflow patterns because of street paving, home and building con­
struction, and the installation of storm sewers. These and other activities
 
needed to develop urban environments alter important basin characteristics
 
such as infiltration rates, generated volume of storm flow, and the time
 
required for water to move from any point inthe basin to stream channels.
 
Ideally, continuous streamflow monitoring would be required before, during,
 
and after development to appraise the impact of urbanization on,aparticu­
lar watercourse.
 
The general objective of the streamflow data program is to provide
 
users with water data at any site on any stream. Clearly, it i's neither
 
practical nor desirable to gage every site where data are required. It is,
 
however, frequently possible to transfer streamflow information on un­
regulated streams to other natural stream sites inareas of similar
 
climatic and geologic settings. Thomas and Benson (1970) outlined a
 
multiple-regression method of streamflow generalization. This procedure
 
involves regressing a single streamflow characteristic (such as mean
 
annual discharge) against the physiographic and climatologic characteristics
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of gaged basins within a selected region. Equations obtained from the
 
multiple-regression procedure contain only statistically significant
 
basin characteristics, and the regression equations enable users to
 
compute streamflow patterns at any site on natural streams within the
 
region.
 
Using basin characteristics derived from climatologic data and
 
maps, detailed formulas were obtained by the multiple-regression
 
procedure for a wide range of streamflow characteristics throughout the
 
Nation. The results of these investigations, published in open-file
 
reports, are available at the 46 district offices of the U.S.
 
Geological Survey except Hawaii (Benson and Carter, 1973). The purpose
 
of this investigation isto investigate the potential improvement of
 
streamflow estimates by using land-use information obtained from
 
high-altitude photographs andsatellite images. Remotely sensed data
 
to be tested were obtained from U.S. Geological Survey land-use maps
 
compiled by the Central Atlantic Regional Ecological Test Site (CARETS)
 
project.
 
CARETS PROJECT
 
The CARETS project was sponsored jointly by the National
 
Aeronautics and Space Administration (NASA) and the U.S. Geological
 
Survey. The principal objective of CARETS was to test the extent to
 
which various remote sensor data systems could be used as input to a
 
regional land-resources information data base (Alexander, 1974). The
 
CARETS region covers 46,434 mi2 (74,712 kin2) which includes Delaware,
 
southern New Jersey, southeastern Pennsylvania, District of Columbia,
 
and eastern Maryland and Virginia (fig. 1).
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land use was delineated.
 
NASA aircraft flown at altitudes of about 60,000 ft (18,300 m)
 
provided colbr and color infrared photographs of the site in 1970 and
 
again in 1972. The bulk of the high-altitude land-use analysis was done
 
using the 1970 aerial photographs. However, parts of the site were
 
masked by clouds in the 1970 high-altitude photographs and other aerial
 
photographs taken as close as possible to the dates of the 1970 missions
 
were required to complete land-use mapping of the site. Landsat-1 imagery
 
was available at 18-day intervals following launching of the satellite
 
in July 1972. Land-use mapping predicated on satellite imagery was derived
 
from Landsat-I data obtained principally during September and October 1972
 
(K.Fitzpatrick, oral commun., 1976).
 
Photointerpreters examined each piece of film or imagery for the
 
major land-use types such as urban land, agricultural land, forests, wetlands,
 
or water. Urban land is recognized by the patterns of buildings, houses,
 
road networks, railroads, and other man-made features. The complex urban
 
setting contrasts strongly on high-altitude photographs and images with the
 
less complicated appearance of agricultural fields, forests, wetlands, and
 
water.
 
Land-use maps based on high-altitude photographs were produced at a
 
scale of 1:100,000. Owing to resolution differences between Landsat
 
imagery and high-altitude photographs, land-use maps derived from
 
satellite imagery were prepared at a scale of 1:250,000. Forty eight
 
sheets depicting land use of the CARETS area at a scale of 1:100,000
 
and eight sheets at a scale of 1:250,000 have been released to the
 
U.S. Geological Survey open files, along with many additional map types
 
to assist users in applying the data to land-use planning and environmental
 
interpretation (Alexander and others, 1975).
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LAND-USE CLASSIFICATION SYSTEM
 
The classification system used in the CARETS project was one
 
developed by a special interagency committee (R.Alexander, written
 
commun., 1976) later slightly modified into the USGS Land-Use
 
Classification System for use with remote-sensor data (Anderson and
 
others, 1972). The scheme is a multilevel, hierarchical classification
 
system which specifies the first two levels (table 1), and leaves the
 
more detailed levels for later definition. Level I contains generalized 
categories suitable for delineation from satellite imagery. Level 11 
yields greater detail within each Level I category and ismost suitably 
obtained using high-altitude photographs as a primary source. 
6
 
Table 1. -- Land-use categories used in CARETS data base
 
Level I Categories Level II Category Numbers and Titles 
URBAN & BUILT-UP 11-Residential 
12-Commercial and services 
13-Industrial 
14-Extractive 
15-Transportation, communications, 
and utilities 
16-Institutional 
17-Strip and clustered settlement 
18-Mixed 
19-Open and other 
AGRICULTURAL 	 21-Cropland and pasture
 
22-Orchards, groves, bush fruits,
 
vineyards, and horticultural
 
areas
 
23-Feeding operations
 
24-Other
 
FOREST LAND 	 41-Heavy crown cover (40% & over)
 
42-Light crown cover (10% to 40%)
 
WATER 	 51-Streams and waterways
 
52-Lakes
 
53-Reservoirs
 
54-Bays and estuaries
 
55-Other
 
NONFORESTED WETLAND 	 61-Vegetated
 
62-Bare
 
BARREN LAND 	 72-Sand other than beaches
 
73-Bare exposed rock
 
74-Beaches
 
75-Other
 
OF' POor QUALtM 
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LAND USE IN SELECTED BASINS
 
Using maps prepared in accordance with the CARETS classification
 
system (table 1), land use was defined for selected basins listed in
 
table 2. The basins for which land-use information is presented are in
 
the northwest and north-centra-I part of the CARETS region (fig. 1). They
 
represent a broad spectrum of land cover ranging from predominantly
 
agricultural in the Delmarva Peninsula to urban in the Washington-Baltimore-

Wilmington corridor. Land-use data were obtained by drawing the boundaries
 
of each selected basin on clear plastic sheets. These basin outlines,
 
prepared at scales of 1:100,000 or 1:250,000, were used as overlays,on
 
CARETS land-use maps. The percentage of a basin ascribed to any particular
 
category was determined manually using a dot planimeter. The dot planimeter
 
is a uniform grid of dots on a clear plastic sheet which was placed over
 
the basin boundary overlay. Land use beneath each dot was recorded, the
 
number of dots subtotaled by category, each category subtotal was then
 
divided by the sum total of dots within the basin boundaries, and the
 
result multiplied by 100 to yield percent.
 
Land Use Based on High-Altitude Photographs
 
Land-use information for 49 basins based on high-altitude photographs 
is summarized in tables 3 and 4 at Levels I and II respectively. At 
the 1:100,000 scale used to compile tables 3 and 4, the smallest 
depictable area is about 10 acres (4hectares), or the equivalent of a 
square 656 ft (200 m) on a side (Alexander, 1975, written communication). 
Table 3, which shows generalized Level I land-use categories, is a 
compilation of the more detailed Level II category listings in table 4. 
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Table 2. -- Drainage basins analyzed for land use and gaging stations used in multiple regression analysis. 
Drainage Period of record 
Station Station name Latitude Longitude area analyzed 
No. (Mi2) (water years) 
01477800 Shellpot Creek at Wilmington, Del. 39045'39" 750 31'10" ' 7.46 1945-67 
' 01478000 Christina R. at Coochs Bridge Del. 39038'16" 75043'46" 20.5 1943-67 
01478500 White Clay Creek above Newark, Del. 390 42'50" 75045'35" 66.7 1952-59, 1962-67 
01479000 White Clay Creek or. Newark, Del. 39042'00" 75041'10"1 87.8 
' 01483200 Blackbird Creek at Blackbird, Del. 39021'58 75040'10" 3.85 1952-56 ,1937-67 
01483500 Leipsic River hr. Cheswold, Del. 390 13'58" 75037'57 ' " 9.35 1932-33,1943-57, 1958­
67** 
' 01484300 Sowbridge Branch nr. Milton, Del. 38048'51 75019'39"l 7.08 1956-67 
01484500 Scockley Branch nr. Stockley, Del. 38819 - 75 20'31" 5.24 1943-67 
01485000 Pocomoke River nr. Willards, Md. 38023'20 ' 75°019'30" ' 60.5 1949-67 
01485500 Nassawango Creek ar. Snow Hill, Md. 38013'45" 75028'20" 44.9 1949-67 
01486000 Nanokin Brook nr. Princess Ann, Md. 38012'50l 75040'181 5.8 1951-67 
01486500 Beaverdam Creek nr. Salisbury, Md.* 380 2 1'05' 75034'11 19.5 1930-33,1934-35,1936-67 
01487000 Nanticoke River ar. Bridgeville, Del.* 38043'42 ' 75033'44"1 75.4 1943-67 
e 01487500 Trap Pond Outlet nr. Laurel, Del. 38031'40" 75029100" 16.7 1951-67 
01488500 Marshy Hope Creek nr. Adamsville, Del. 38051'00" 75040'29" 44.8 1943-67 
o 
0 
+ 01489000 
01490000 
Faulkner Br. at Federalsburg, Md. 
Chicamacomico River nr. Salem, Md. 
38042'45 ' " 
38°30'45" 
75047'35") 
75052'50" 
7.1 
15.0 
1950-67 
1951-67 
01491000 Choptank River nr. Greensboro, Md. 38059'50" 75047'10? 113 1948-67 
01492000 Beaverdam Branch at Matthews, Md. 38048'40" 75°58,151, 5.85 1950-67 
' 01492500 Salle Harris Cr. nr. Carmichael, Md. 38057'55" 76°06'30" 8.09 1951-56,1957-67 
' 01493000 Unicorn Branch r. Millington, Md. 3915'00 75051'40"1 22.3 1948-67 
01493500 Morgan Creek ar. Kennedyville, Md. 39016'50" 76000'55"1 10.5 1951-67 
01494000 Southeast Creek at Church Hill, Md. 3907'57" 75058'51 ' s 12.5 1951-56,1957-65 
Table 2. -- Drainage basins analyzed for land use -- Continued
 
Station 

No. 

01495000 

01495500 

01496000 

01579000 

01586000 

01589300 

01590000 

No gage 

01591000 

01594500 

01594600 

01594800 

01645200 

01646200 

01646550 

01648000 

01649500 

01650500 

01652610 

01653500 

01653900 

01655500 

01656800 

01656940 

Station name 

Big Elk Creek at Elk Mills, Md. 

Little Elk Creek at Childs, Md. 

Nortneast Creek nr. Leslie, Md. 

Basin Run at Liberty Grove, Md.* 

N. Br. Patapsco R. at Cedarhurst, Md.. 

Owynns Falls at Villa Nova, Md. 

North River nr. Annapolis, Md.* 

Rhooe River nr. Galesville, Md. 

Patuxent River or. Unity, Md.

Western Branch Largo, Md.*r. 

Cocktown Cr. nr. Huntington, Md. 

St. Leonard Cr. nr. St. Leonard, Md. 

Watts Branch at Rockville, Md. 

Scott Run nr. McLean, Va. 

Little Falls Br. nr. Bethesda, Md. 

Rock Cr. at Sherrill Dr., Washington, D.C. 

N.E. Br. Anacostia R. at Riverdale, Md.* 

N.W. Br. Anacostia R. or. Colesville, Md. 

Holmes Run nr. Annandale, Va. 

Henson Creek at Oxon Hill, Md. 

Accotink Cr. or. Fairfax, Va. 

Cedar Run nr. Warrenton, Va. 

Cub Run or. Chantilly, Va. 

Cub Run at Lee Highway or. Chantilly, Va. 

Latitude, 

39 39'26' 

39 38'30" 

39037'40" 

39039'30" 

39030'00" 

39020'43" 

' 
38059,091
 
'
 380521001 

39014'18" 

38052'341 

38 38'27"1 

38026'57"l 

39005'03" 

38057'32"1 

38057'27" 

38058'21" 

38057'37" 

39003'55" 

38050'47" 

38047'05" 

38048'46"1 

38044'30" 

38054'301 

38049'592 

Longitude 

75049'201! 

75052'00 ' 

75056'40. 

76006'10" 

'
 76053'00 1 

76044'01" 

76037'2"' 

76031'00" 

77003'231 

76047'54" 

76038'07" 

76029'43' 

77010'382 
77012'21" 

77006'31"* 

77002'25"' 

76055'34"1 

77001'48" 

77010'28"1 

76058'42"1 

77013'43" 

77047'15" 

77028101) '
 
77027'50" 

Drainage 

area 

(m12) 

52.6 

26.8 

24.3
 
5.31 

56.6' 

32.5 

8.5 

14.8
 
34.8 

30.2 

3.85 

6.73
 
3.70 

4.69
 
4.1 

62.2 

72.8 

21.1 

7.10
 
16.7 

23.5
 
13.0 

7.13
 
39.6
 
Period of record
 
analyzed
 
(water years)
 
1932-67
 
1949-58
 
1948-58,1965-67
 
1945-67
 
1957-67
 
1932-67
 
1944-67
 
1950-67
 
1957-67
 
1957-67
 
1944-59,1960-61, 1961-6
 
1928-67
 
1938-67
 
1924-67
 
1948-67
 
1950-67
 
Table 2. -- Drainage basins analyzed for land use -- Continued
 
Drainage Period of record
 
Station Station nane Latitude Longitude area analyzed
 
(water years)J(za2)No. 
0

01657800 Giles Run nr. Woodbridge, Va. 38040,48' 77 1335" 4.54
 
57.7 1950-67
01658000 Mattawoman Cr. nr. Pomonkey, Md. 38 35'45"' 77003125" 
Station used in regression analyses.
 
Annual cancmum discharge only. 
+p 
+ Incluoes entire drainage basin above confluence with West River. 
'-4 
Table 3. --Level I land-use classifications, irn percent, for
 
selected basins in Delaware, eastern 'Iaryland and
 
Virginia.(Based on high-altitude photography).
 
Index 

No.
 
(fig.2' STATION NAME 

4778 	 Shellpot Creek at Wilfmington,
 
Del, 

4780 	 Christiana River at Coochs
 
Bridge, Del.* 

4785 	 White Clay Creek above Newark,
 
Del.* 

4790 	 White Clay Crook nr. Newark,, Del. 

4832 	 Blackbird Creek at Blackbird
 
Del.* 

* 
4835 Leipsac River near Cheswold, Del. 

4843 Sowbridge Branch near Milton, Del 

4845 Stockley Branch at Stockley, Del.* 

4850 Pocomoke River near Willards, Md 

4855 Nassawango Creek near Snow HilI,
 
Md.* 

4860 Manokin Br. near Princess AnnMd." 

4865 Beaverdam Creek near Salisbury, 

Md. 

4870 Nanticoke River near Bridgeville, 

Del.* 

URBAN 

84.9 

20.9 

3.0 

11.1 

0 

0 

0 

1.3 

0.2 

0.2 

0 

5.1 

I .1 

LEVEL I Categories
 
AGRICUL-

TURE FOREST WATER 

3,5 11.0 0.6 

59.9 19.2 0 

78.0 19.0 0.05 

69.7 19.1 0 

61.6 37.6 0.8 

82.3 17.7 0 

46.9 52.5 0.6 

56,5 42.2 0 

49.6 50.2 0 

20.2 79.6 D 

31,6 68.4 0 

44.7 49.8 0.4 

57.6 41.3 0 

WETLAND 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

BARREN 
0 
0 
0 
0 
0 
0 
D 
0 
0 
0 
0 
P 
0 1- -
C 
0 
00 Table 3. --Level I land-use classifications, in percent, for 
Index 

>fg2 

4875 

4885 

4890 

4900 

4910 

4920 

4925 

4930 

4935 

4940 

4950 

4955 

selected basins in Delaware, 

Virginia--continued
 
STATICN NAME 

Trav, Pond Owtlet near Laurel,
 
Del. 

Marshy Hope Cr near Adamsville,
 
Del.* 

Faulkner Branch at Federalsburg,
 
Md. . 
Chicamacomico River, near
 
Salem, Md.* 

Ch6ptank Riier near Greensboro,
 
Md.* 

Beaverdam Branch at Matthews,
 
Md.* 
Sallie Harris Cr.near Carmichael,
 
Md.* 
Unicorn Branch near Millington,
 
Md. * 
Morggn Creek near Kennedyville,
 
Md.* 
Southeast Cr.at Church Hill, Md.* 

Big Elk, Creek at Elk Mills,Md.* 

Little Elk Cr. at Childs, Md. 

eastern Maryland and
 
LEVEL I Categories
 
AGRICUL-
URBAN TURE FOREST WATER, WETLAND BARREN
 
0 26.3 72.8 0.6 0.3 0
 
0.1 58.0 41.9 0 0 0
 
0 72.5 27.5 0 0 0 
0 53.0 46.8 0.2 0 0
 
0.1 55.8 43.9 0 0.2 0
 
0 71.2 28.8 0 0 0 
0 67.9 32.1 0 0 0 
0.4 70.1 29.2 0.3 0 0 
0 96.2 3.8 0 0 0
 
0 73.5 26.5 0 0 0
 
1.1 85.9 13.0 0 0 0
 
1.2 79.5 18.3 0 1 0.9 0
 
_______ 
Taole 3. --lLVol I land-use classificatlons, in percent, for
 
selected basins in Delaware, eastern Maryland and
 
'irginia--Continued
 
Index 	 LEVEL I Categories
No. 
(fig. STATION NAME 	 _ _AGRIUOL- _ _ 
URBAN TURE FOREST WATER WETLAND BARREN 
4960 	 Nortneast Creek nr. Leslie, Nd. 4.0 80.1 15.9 
 0 0 0
 
5790 	 Basin Run at Liberty Gro.e, Md.* 1.9 73.4 24.7 0 
 0 0
 
S860 	 North Branch Patapsco River at
 
Cedarhurst, Md.* 
 3.6 	 70.9 25.3 0.1 0 0.1 
5893 	 Gwynns Falls at Villa Nova, Md.* 35.4 
 23.7 40.0 0 0 0.9
 
5900 North River near Annapolis, Md. 0 33.0 67.0 0 0 0
 
+
5905 	 Rhode Rier or. Galesville, Md. 3.7 39.7 42.9 12.2 1.5 0
 
5910 	 Patuxent River near Unity, Md.* 1.5 66.3 32.2 0 0 0
 
5945 	 Western Branch near Largo, Md. 18.5 38.6 
 42.9 0 0 0
 
5946 	 Cocktown Creek near Huntington,
 
Md.* 1.6 	 57.7 40.7 0 0 
 0
 
5946 	 St. Leonard Creek near 
St.Leonar,0
Md.* 	 0 19-9 81.1 0 0 0 
6452 	 Watts Branch at Rockville, Md. 42.5 40.9 16.6 0 0 0
 
6462 	 Scott Run near McLean, Va. 55.6 9.6 34.8 0 0 0
 
64655 	 Little Falls Branch near
 
Bethesda, Md.* 93.9 0 6.1 0 0 0
 
6480 	 Rock Creek at Sherrill Drive,

Washington, D.C.* 	 53.3 26.1 20.3 0.3 0 0
 
Table 3. 
Index 
No. 
(fig.2) 
--Level I land-use classifications, in percent, for 
selected basins in Delaware, eastern Maryland and
Virginia--Continued 
LEVEL I Categories 
STATION NAME AGRICL-
URBAN TURE FOREST WATER WETLAND BARREN 
6495 N.E. Br. Anacostia River 
Riverdale, Md.* 
at 
45.1 15.8 38.9 0.2 0 0 
6505 N.W Br. Anacostia River 
Colesvxlle, Md.* 
near 
26.0 42.4 31.6 0 0 0 
65261 Holmes Run near Annandale, Va. 67.9 1.3 30.8 0 0 0 
6535 Henson Creek at Oxen Hill, Md.* 63.2 4.8 32.0 0 0 0 
6539 &ccotink Cr. near Fairfax, Va. 71.1 8.6 20.2 0 0 0 
65:c Cedar Run near Warrenton, Va,* 1.9 63.1 3,.0 0.4 0 0 
6568 Cub Run near Chantilly, Va. 49.9 28.0 22.1 0 0 0 
65694 Cub Run at Lee Highway near 
Chantilly, Va. 18.5 46.9 34.0 0 0 0 
6578 Giles Run near Woodbridge, Va. 11.8 33.3 54.9 0 0 0 
0 6580 Mattawoman Cr.nr. Pomonkey,Md. 7.2 24 7 68.0 0.1 0 0 
o 
0 
*Station used in regression anal ses 
+Includes entire drainage basin above confluence ith West River. 
Table 4. - Level 11 land-use classifications, in percent, for selected basins in Delaware, eastern Maryland and Virginia
 
(Based on high-altitude photography).
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14 Extractive 0.142
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till UANIULT/ /I/// I/I/II II/II /I ///// /I/ I /I// l/III IlII/i /l/i,

1S Transportation 1.s 1.5 0.1 0.1 1.3.2__
 
16 Institutional 5.4 0.9 0.2 0.9 7.2
 
17 Strip orclustered 09.4 O.S 0.4 0.2 0.1 0.8
 
19 Open or other -4 6 0.7 0.3 ___ 
_______________ 
AGRICULTURE // ///____ ___ //l________ ___ ________ 
21 Cro'pland & pasture 3.5 59.9 78.0 169.7 61.6 82.3 46.5 56.5 49.4 19.2 31.6 44.3 
.6
22 Orchards ­
1.00.- 0.4
 
24 Other ndes s0.4 0 2
 
23 reoing/// operationsVAR//// /// /i///////~0 /// . i//f/ li//li ///i///!/// //// ///i/ ////// 
41 Heavy crown cover 10.1 18.2 18.5 18.7 -37 6 17.5 51.8 42.2 49.3 74. 3 67.9 47.9 
52 Lakes e0.6d 
53 Reservoirs 0.6 0.05 0.1 0.8 0.4 
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61 Vegetated 
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/// BARREN LAND ////// ////I///LL.L ./ I////L////II ////// L///// ///// I///I/ ///
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00 Table 4. --	Level IIland-use classifications, in percent, for selected basins in Delaware, eastern Maryland and Virginia 
(Based on high-altitude photography). __ Continued. 
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I/f URBAN 	 777 
14 Extractiv 
11 Residential 0,6 ____ 
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___ ___ ________ 
12 Commercial 0. 
___ 
13 Industrial 
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14 Extractive ____ ________ 	 ________ 
1. Tranrdorintation s

__CULTURE
__/// __AGR I/I// f/f//I f///I, f///I/ //Ill/ f/I/f,/ /II///7 ///II/ ///II/ ///III III/I/ IIIIII 
16 Institutional 	 0.0
 
18 1Mixed 	 ____ ____ ____I____ ____ _ ___ 
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21 Cropland & pasture 57 4 26.1 S8.0 -72.5 5. 558 71.2 679 70.1 96.2 73.3 83.9 
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23 Feeding operations
 
24 Other 0.1 0.2estu
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41 Heavy crown cover 412 AL. 27.5 43.0 32.1 3.8 12.91 44.01 2'8. 8 27.7 26.3 
42 Light crown cover 0.1 0.2 2.8 0.9 1.5 0.2 0.1 
52 Lakes 	
___ 0.2 .____ T___ 
53 Reservoirs 0.6
 
S4 Bays and estuarieA
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________ 
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and Virginia
for NcI, t ed hisns in Delware, eastern MarylandTable 4. -- Level If lbnd-usne rIisoftaton-> in percvnt, 
(Based on high-altitude photography) -- Continued.
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. ~ 0-. g U.4 0 j4*.Z~uU Category U 
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0.C>.
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I/// URBAN ISP TGn,>ro /Ill /// /// 0 k 0c, 7////// ////ON 0I0,tWtutioWaW C. 0 W C, a mm9 
11 Residential o 0.4 0 5 1.9 1 7 26.9 3.5 1.0 12.3 40.7 26.2
 
12 Commercial _ove ___ 3.8 0.0 i 62 =i 0 "0.1 1. 4 7.2o8 e
19 Ope0*. Sk*or0.othertC~ 21C. ,rS* tou 1 i 2J*.13 Industrial IIIIII IIIIII . 0.1 IIIIII IIIIII III II II IIIIIII
 
1S Trandprtqtn 1 0 7 1 0.2 10.5 1.8 
16 Institutional ____ ___ 22 . ________ 5 0 
17 Strip or clustered 0.4 2 8 0 6 0.4 0.4 0 3 1 6 
18 Mixed 0 4 ____ ____ 0 1 __ _ ____ ____ ____I 
19 Opeh or other ____ ____. 21 ___ 2.3 
//// AGRICULTURE //I///!11 I/II/// / 111///f/I If///////// ///I//// ///I ////////// 
21 Cropland & pasture 79.5 80.1 73.4 70 q 23 7 33.0 39.7 66.3 38.6 57.7 18.9 40.9 
14 RExtratvo es. 0.1I.­22 Orchards 
23 Feeding operations ____ ________ 
24 Other ____ 
IL.FORESTLAND I//II// //II// //III/ /fII// l/I 777777-w 7=7 
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7_ 3.8 1 6 7 *___ 1 5 ____ 4.80 0 42 Light crown cover 2.0 6 0.4 0.4 
52 Lakes ____ ________ ___8 ~ 53 Reservoirs 0.1 ___ 0.1 _______ 
_S4 Bays and estuaries _ ___ ___ 12.2 __ 
C1 61 Vegetae 0.9 ___________ ___ ___ 1.5 _ ______ 
/75 "Ohr" 01 0
 
Table 4. -- Level 11 land-use classifichtions, in percent, for selected basins in Delaware, eastern Maryland and Virginia
 
(Based on high-altitude photography). -- Continued.
 
C 0 
0 P, P m m W. a C) 9 
Decito un 0 *4 =. cc -- - Vi 0 k 0 = 0-
Uz Category .z = 0 U r .0o o 
UR'BAN ///////1////// // /11 
11 Residential, 24 8 72.9 37 5 24 S 14 9 49.1 39.4" 42 7 1 6 5.1 6.4 
12 Commercial 14.9 12.0 S.4 4.8 0 9 3 n 5 4 12.3 0,3 
13 Industrial 0,5 1.1 1 8
 
14 Extractive s1 0.1 3 6 2 • 0 7 0.
 
15 Trannaortation 12 6 0 4 1 - 3.5 5.6 5.0 1 4a 2 1. 
16 Institutional 0.7 4.1 3 9 0 6 6 9 2 2 2 0 0.3 0. 2 3,3
17 Strip or clustered i 4 0 4 n',0 OC 1.1 
18 Milxed0.19 Open or other 2.6 9 0 057.i 0 9 2 3.4 O.1 7, 34,9 R I 
//// CRCtILTUE -////// ////// ////// ////// ////// / / / ,,, ', //!//// ////// ////// ////// //)//// 
21 Crouland & pasture 9 6 2S 7 is 8 42 4 1 3 4 8 8 6 63 1 28.0 46 9 33 3 
22 Orchards 
-0.42 Dedding operations
 
24 Other /// URAND/// I//// /// ///// ////// ////// ////7/ /7/7777T//////7// / 777/ 

41 Heavy crown cover 28.8 2.4 18.1 36 3 29.6 29.3 28 4 17 3 33.0 15.6 30 8 54.9 
42 Lgt crown cover 6.0 3.7 2 2 2 6 6 0 1.5 3.6 3 0 1.6 6.5 3.7 
52 Lakes 0.1 0 1
 
53 Reservoirs 0.2 0 1 0.4
 
54 Bays and estuaries
 
"iI. Vegetated 
0L1////BARREN LAND L///// /// // ///i //1/ ///I/t', ////I / /// ///// //i 
7 Orthrd,
 
____ 
Table 4. -- Level I land-use classifications, in percent, for selected basins in Delaware, eastern Xaryland and Virginia 
(Based an high-altitude photography). -- Continued, 
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23 reeding operations 
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For example, at Shellpot Creek (station No. 01477800), 84.9 percent of the
 
basin is characterized by the Level I,URBAN category (table 3). This value
 
was obtained by adding the various Level IIcategories listed under the
 
generalized URBAN classification in table 4. Thus, the 84.9 percent URBAN
 
Level I classification shown intable 3 for Shellpot Creek isequal to the
 
sum of the following Level IIURBAN categories listed in table 4:
 
Category and number Percent
 
Residential (11) ------------­ 69.8 
Commercial (12) ------------- 2.9 
Transportation (15) -------------­ 1.5 
Institutional (16) ------------- 5.4 
Mixed (18) -------------­ 0.7 
Open or other (19) ------------­ 4.6 
TOTAL 84.9 
Similarly, the Level I FOREST category for Shellpot Creek (11.0 percent)
 
in table 3 was obtained by adding Level II forest heavy crown cover (10.1
 
percent) and light crown cover (0.9 percent) in table 4. Because only single
 
Level IIcategories, cropland and pasture, and reservoirs correspond to the
 
general Level I category of AGRICULTURE and WATER respectively, identical
 
values are shown at corresponding category levels for Shellpot Creek
 
(tables 3 and 4).
 
Based on high-altitude photographs, the highest measured percentage
 
(93.9) Level I URBAN designation was at Little Falls Branch near
 
Bethesda (table 3). By way of contrast, no urban development was detected
 
in the high-altitude photographs of 11 Delmarva Peninsula basins. Agricul­
tural usage ranged from zero at Little Falls Branch to 96.2 percent at
 
Morgan Creek near Kennedyville. Forest cover ranged from 3.8 percent at
 
Morgan Creek to 81.1 percent at St. Leonard Creek near St. Leonard. With
 
L Qa~vv21of aa 
Q)F 1)00 
the exception of Rhode River near Galesville, water areas identified in
 
the 1:100,000 scale land-use maps amounted to less than 1 percent of the
 
total drainage area of all basins. The Rhode River watershed is the only
 
basin without a stream-gaging station as its downstream reference point.
 
Land use given intables 3 and 4 for the Rhode River catchment isfor the
 
entire basin above its confluence with West River. The high percentage
 
(12.2) of the basin inthe WATER category results from the largely es­
tuarine lower part of the watershed. Wetlands were detected in four of
 
the basins while only two basins had land use corresponding to the Level
 
I BARREN category.
 
Land Use Based on Landsat-1 Imagery
 
The significantly lower resolution of Landsat imagery relative to
 
high-altitude photography precludes its use as a data source for all
 
Level IIland-use categories. As previously noted, however, satellite
 
imagery was used as the source base for preparing highly generalized
 
Level I land-use maps at a scale of 1:250,000. The basic problem with
 
Landsat imagery as used inthis project isthat its spectral and tonal
 
signatures cannot always be consistently matched with categories in
 
land-use classification schemesespecially where land parcels are small
 
and categories are intermixed (Alexander, 1975, written communication).
 
CARETS interpreters experienced particular difficulty inaccurately
 
mapping urban and built-up land innon-metropolitan areas using Landsat
 
imagery (K.Fitzpatrick, 1976, oral communication).
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Level I land use for 46 selected basins using satellite imagery as
 
the primary source of land-cover information isshown intable 5. In
 
general, these data are within 10 to 15 percent (by category) of the
 
more accurate Level I land-use values based on high-altitude photography
 
given intable 3. K. Fitzpatrick (written communication, 1975) reports
 
that Level I land-use maps, when mapped from high-altitude photography
 
were 7 percent more accurate for the entire CARETS area than the much
 
less expensive Level I satellite-based land-use maps. However, accuracy
 
differences greater than 7 percent between high-altitude and satellite
 
sensors occur intable 5 owing partially to the small size of some of
 
the basins selected for land-use analysis. Thus, in addition to errors
 
stemming from lower resolution and problems with spectral-signature
 
discrimination, errors inherent in accurately positioning-such small
 
basins on 1:250,000 scale land-use maps introduced additional variance,
 
thereby further amplifying accuracy losses. Despite additional errors
 
due to basin size, category differences inexcess of 20 percent between
 
Level I data based on high-altitude photography (table 3), and that based
 
on satellite imagery (table 5) were detected in just eight basins.
 
As anticipated, the largest discrepancies when comparing
 
high-altitude with satellite sensor derived Level I categories generally
 
occurred in suburban areas. Interpreters encountered difficulty segre­
gating urban areas from surrounding non-urban land use insatellite
 
imagery. For example, extensive urban areas in the N.W. Branch Anacostia
 
River basin near Colesville, just north of Washington, D.C., were incor­
rectly interpreted as agricultural land in Landsat-l imagery accordingly,
 
a high proportion of the basin (71 percent) was placed inthe AGRICULTURE
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Table 5. --Level I land-use classifications, in percent, for
 
selected basins in Delah.are, eastern Maryland and
 
Virginia (Based on Landsat imagery)
 
Index
 
LEVEL I Categories
No. STATION NAME 

(fig.2) AGRICUL-

URBAN TURE FOREST WATER hETLAND
 
4778 Shelpot Creek at Wilmington,
Del. 86 0 14 0 0 
4780 Christiana River at Coochs 
Bridge, Defl.* 12 56 30 2 0 
4785 White Clay Creek above Newark, 
Del.* 0 80 20 0 0 
4832 Blackbird Creek atDel.* Blackbird, 00 51 49 0 0 
4835 Leipsic River near Cheswold,Del.* 0 91 9 0 0
 
4843 Sobridge Branch near Milton, Del.* 0 52 48 0 0 
4845 Stockley Branch at Stockley,Del.* 1 61 38 0 0 
4850 Pocomoke River near Willards,II 
Md.* 0 43 56 0 1 
4855 Nassawango Creek near Snow Hill, 7 
Md.* 2 26 72 0 0 
4860 Manokin Br. near Princess Ann, 
Md.* 0 30 70 0 0 
4865 Beaverdam Creek near Salisbury, 
Md.* 4 51 45 0 0 
4870 Nanticoke River near BridgevilleDel.* 0 54 45 1 0 
Table 5. -- Level I land-use classifications based on Landsat imagery, in percent -- Continued. 
-d 
Index{ LEVEL I Categories ____
 
'dNo. SAONNE AGRICU­1
 
fi 2O 
 URBAN TURE FOREST WATER WETLAND 
4875 Trap Pond Outlet near Laurel, Del.* 0 28 72 0 0 
4885 Marshy Hope Cr. near Adamsville, Del. 4 56 40 0 0 
4890 Faulkner Branch at Federalsburg, Md. 0 71 29 0 0 
4900 Chicamacomico River near Salem, Md.* 0 47 53 0 0 
04910 Choptank River near Greensboro, Md. 1 55 44 0 
4920 Beaverdam Branch at Matthews, Md. 0 93 7 0 0 
4925 Sallie Harris Cr. near Carmichael, Md. 0 69 31 0 0 
4930 Unicorn Branch near Millington, Md. 0 71r26 0 
4935 Morgan Creek near Kennedyville, Md.* 0 97 3 0 0 
4940 Southeast Cr. at Church Hill, Md.* 0 71 29 0 0
 
4950 Big Elk Creek at Elk Mills, Md. 0 80 20 0 0
 
4955 Little Elk Cr. at Childs, Md.* 0 62 38 0 0
 
0 71 29 0 0
4960 Northeast Creek or. Leslie, Md.* 

0 0 0
5790 Basin Run at Liberty Grove, Md. 0 100 

5860 North Branch Patapsco River at
 
2 81 17 0 0
Cedarhurst, Md.* 

5893 Gwynns Falls at Villa Nova, Md.* 45 25 30 0 0
 
Table 5. -- Level I land-use classifications based on Landsat izagery, in percent -- Continued. 
Index 
No. LEVEL I Categories 
(fig. 2) STATION NAME ACRTCU- I 
5900 North River near Annapolis, Md.* *i 5 13 82 0 0 
5910 Patuxent River near Unity, Md. 0 65 35 0 I 0 
* I 
5945 Western Branch near Largo, Nd. 19 35 46 0 0 
5946 Cocktown Creek near Huntington, Md. 0 58 42 0 0 
5948 St. Leonard Creek near St. Leonard, Md. 0 6 94 0 0 
6452 .atzs Branch at Rockville, Nd.* 61 24 15 0 0 
6462 Scott Run near McLean, Va. 65 0 35 0 0 
64655 Little Falls Branch near Bethesda, Md. 94 0 6 I0 
6480 Rock Creek at Sh~rrll Drive, 
washington, D.C. 49 34 16 1 0 
6495 N.E. Br. Anacostia River at Riverdale,Md 55 13 32 0 0 
6505 N.W. Br. Anacostia River near Colesville 
Md. 6 71 23 0 0 
65261 Holmes Run near Annandale, Va. 90 0 10 0 0 
6535 Hanson Creek at Oxon Hill, Md. 85 0 15 0 0 
6539 Accotink Cr. near Fairfax, Va. 96 0 4 0 0 
6555 Cedar Run near Warrenton, Va.* 0 81 19 0 0 
6568 Cub Run near Chantilly, Va. 12 50 38 0 0 
-4 
-- Continued. 
Table 5. -- Level I lana-use classifications based on Landsat imagery, in percent 

Index LEVEL I 
No. AGRICUL-TREm FOREST WATER WETANDf .. STATION NAM 	 umm 
6578 Giles Run near Woodbridge, Va. 49 0 51 	
0 
029 70 
6580 i/attawoman Cr. near Pomonkey, Md. 
*Station used in regression analyses
 
C. 
category (table 5). Based on high-altitude photographs only 42 percent
 
of the basin was agricultural and 26 percent was designated urban
 
(table 3). Using land-use maps derived from satellite imagery only
 
6 percent of the basin was categorized as urban (table 5).
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EXPERIMENT DESIGN
 
The approach used in evaluating remotely sensed land-use data as a
 
means of improving streamflow estimates was based on (I)selecting as many
 
stream-gaging stations from the basins listed intables 3-5 as possible
 
to perform a meaningful multiple-regression analysis, (2)applying the
 
same basin and climatic characteristics utilized in the streamflow program
 
analysis of the Maryland district of the U.S. Geological Survey (Forrest
 
and Walker, 1970) to the study basins inorder to develop regional equations
 
needed to compute specific streamflow characteristics, (3)incorporating
 
selected Level I and Level II land-use categories developed from both high­
altitude and satellite sensors to define other sets of streamflow equations,
 
and (4)comparing standard errors of estimate for each streamflow characteristic
 
(control) equation developed using the basin characteristics available to
 
the Maryland district of the U.S. Geological Survey with those generated
 
by incorporation of remotely sensed land-use information.
 
STUDY BASINS
 
Records of 10 or more years are generally required to develop
 
meaningful streamflow statistics. Streamflow records spanning at least
 
10 years were available for 39 of the 49 basins for which land-use infor­
mation is presented (tables 3-5). These stations (table 2) formed the
 
network of study basins selected for multiple-regression analysis. The
 
study basins drain into the Chesapeake Bay, Delaware Bay and the Atlantic
 
Ocean (fig. 2), and are situated in the Piedmont and Coastal Plain
 
physiographic provinces. The boundary between these provinces trends
 
northeast through the Washington-Baltimore-Wilmington urban corridor. The
 
29 ORIGINAL PAGEIt
 OF POOR QUALITY 
7W 
/ 1 4 03,2
 
92
 
78 ,tr 
O 25 50 MI4LM
 WI I 

Figure 2. -- Map showing drainage patterns and the location of gaging stations analyzed 
in this report. 
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Figure 2. -- Map showing drainage patterns and the location of gaging stations analyzed 
in this report. 
Piedmont is characterized by rolling topography, low hills and ridges,
 
and fairly steep side slopes. The Coastal Plain is low, flat, and poorly
 
drained on the Delmarva Peninsula, but west of the Chesapeake Bay is more
 
rolling with slightly improved drainage.
 
Average annual basinwide precipitation is quite uniform throughout
 
the area with the lowest amount of 39.9 inches (1010 mm) reported at
 
Cedar Run near Warrenton, Va. and the highest amount of 47.0 inches
 
(1190 mm) at three Delmarva Peninsula basins (table A-1, col. 19). As
 
previously noted, the study basins exhibit a wide variety of land cover
 
ranging from primarily urban in the Washington, Baltimore, and Wilmington
 
metropolitan areas, to extensively forested west of the Chesapeake Bay
 
in the abandoned farm areas just beyond the limits of urban development,
 
and to agricultural in much of the Delmarva Peninsula.
 
STREAMFLOW CHARACTERISTICS
 
The streamflow characteristics (dependent variable) used in the
 
streamflow analysis of the Maryland district span the full range of
 
discharge regimen observed at 105 gaging stations. These include
 
measures of high and low flows, discharge variability, and long-term
 
average monthly and annual streamflow. Forty streamflow characteristics,
 
incubic feet per second, evaluated using all or some of the 39 gaging
 
stations in this report, are as follows:
 
Qa mean annual discharge, defined as the arithmetic
 
a, average of the annual mean flows.
 
mean monthly discharge, where the subscript refers
 
to the numerical order of the month beginning with
 
January as 1,
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SDa, standard deviations of the annual means,
 
SDn, standard deviations of the monthly means, where the 
subscript n refers to the numerical order of the 
month beginning with January as I, 
PT, annual flood peak discharge at T-year recurrence 
interval; recurrence intervals of 2, 5, 10, 25, 
and 50 years are denoted as P2, P5 , P10 , P25 , and 
P50 , respectively. 
VD,T, flood volume characteristics are the annual highest 
average flow for 3-day periods at recurrence intervals 
of 2 and 25 years (V3,2, V3,25), and for 7-day periods 
at recurrence intervals of 2, 10, and 25 years (V7,2, 
V7, 1O, V7,25)' 
MD,T, 	 low-flow characteristics are the annual minimum 7-day
 
average flows at recurrence intervals of 2, 10, and 20
 
years (M7,2, M7,10 ,M7,20),
 
D50, 	 discharge equaled or exceeded 50 percent of the time.
 
BASIN CHARACTERISTICS
 
Characteristics Based on Maps and Weather Records
 
Correlation studies performed on the Maryland district streamflow
 
analysis incorporated 12 independent physiographic and climatic parameters
 
into the multiple regression analysis as follows:
 
A, 	 drainage area, in square miles, as shown in the latest
 
U.S. Geological Survey streamflow reports,
 
S, main-channel slope, in feet per mile, computed by the
 
10- to 85-percent method (Benson, 1962),
 
L, main-channel length, in miles, measured from gaging
 
station to basin divide,
 
E, 	 mean basin elevation, in feet above mean sea level,
 
measured from topographic maps by the grid method
 
(Benson, 1962).
 
o c 	 QU A32 

L, main-channel length, in miles, measured from gaging 
station to basin divide, 
E, mean basin elevation, in feet above mean sea level, 
measured from topographic maps by the grid method 
(Martins, 1968), 
St, area of lakes, ponds, and swamps, in percent of total 
drainage area, determined by planimetering such areas 
on topographic,maps, 
F, forest area, in percent of total drainage area, 
measured from topographic mips by the grid method, 
SI soil index, a measure of po,.ential maximum infiltration 
capacity, in inches, estima..ed from data provided by the 
U;S. Soil Conservation Servbce, 
P, mean annual precipitation, in inches, determined from 
isoheytal maps prepared from National Weather Service 
records, 
124,2, precipitation intensity, expected once every two years 
over 24-hour periods-, in inches, estimated from U.S. 
Weather Bureau Technical Paper 29, 
Sn, mean annual snowfall, in inches, from snowfall maps 
prepared from National Weather Service records, 
T average minimum Jantiary temperature, in degrees Fahrenheit, 
from National Weather Service records, 
T7, average minimum July temperature, in degrees Fahrenheit, 
from National Weather Service records. 
Characteristics Based on High-Altitude Photograph
 
Land-use classifications based on high-altitude aerial photograph
 
were tested as independent variables in the multiple regression analysis.
 
These classifications, expressed in percent of total drainage area,
 
are as follows:
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Uu Level I urban or built-up land which comprise areas 
of intensive use with much of the land covered by 
structures, 
Ua, Levels I and II agricultural land consisting 
predominantly of croplands and pasture, 
Uf Level I forested land, 
U Level I and IIwater areas includes total area covered 
by lakes, reservoirs, streams, and estuaries, 
Ur, Level II,residential, consisting of housing ranging 
from high density (multiple-family units) to low 
density (houses on large lots), 
U Level II,industrial, consisting of land devoted to 
light to heavy manufacturing, 
Uo, Level II,other urban or built-up land consisting of 
parks, cemetaries, zoos, waste dumps, golf courses, 
and undeveloped land withinan urban setting. 
Ufl Level II,forest land, light crown cover (10 to 40 
percent), and 
Ufh, Level II,forest land, heavy crown cover (40 percent 
or greater). 
Characteristics Based on Landsat Imagery
 
Land-use classifications based on Landsat- imagery were also tested
 
as independent variables in the multiple regression analysis. These
 
classifications, expressed in percent of total drainage area, are as
 
follows:
 
Z u, Level I urban or built-up land which comprise areas of
 
intensive use with much of the land covered by structures,
 
Za, Level I agricultural land consisting predominantly of
 
croplands and pasture, and
 
Z f, Level I forested land.
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REGRESSION ANALYSIS
 
The multiple regression technique used defines the relation between
 
a single streamflow characteristic (dependent variable) and an array of
 
climatic, physiographic, and land-use characteristics (independent variables)
 
for a selected network of stream-gaging stations. Only those independent
 
variables that account for significant measures of variance in the stream­
flow characteristic under analysis are included in the regression equation.
 
Those independent variables that had at least a 95-percent probability of
 
effectiveness were deemed -significant to the equation. An indication of
 
accuracy provided by the equation relating a streamflow characteristic to
 
significant basin characteristics is provided by the standard error of
 
estimate. The standard error of estimate is a range of error such that the
 
value estimated by the regression equation is within this range at about two
 
out of three sites, and iswithin twice this range at about 19 out of 20
 
sites for the sample population.
 
Stepforward multiple regression analyses were performed by digital
 
computer using STATPAC program D0094. The program eliminated doubtful
 
dependent variable entries, added a small constant (0.0001) to those
 
dependent variables which go to zero, and transformed all dependent
 
variables and selected independent variables to their logarithms. The
 
independent variable that accounts for most of the variance in the depen­
dent variable was identified and entered into the regression equation.
 
Then the next most effective variable was added to the equation. Because
 
the significance of an independent variable in the equation changes with
 
the addition of each new variable, all previously included variables were
 
retested with the addition of a new variabie,and any variable shown to be
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no longer significant was deleted from the equation. The addition of
 
variables accounting for a progressively smaller part of the variance
 
in the dependent variable continues until the equation is not signifi­
cantly improved by the inclusion of any additional variables. For each
 
streamflow characteristic equation, the program provided the multiple
 
correlation coefficient, percent of total sums of squares of the dependent
 
variable that are explained by the regression, and the standard error of
 
estimate of the dependent variable. Program D0094 also tabulated observed,
 
computed, and residual values of all streamflow characteristics at each of
 
the 39 gaging stations used in the analysis.
 
Observed, calculated, and measured values of all dependent and inde­
pendent variables used in the Maryland district streamflow analysis were
 
obtained from the Streamflow/Basin Characteristics retrieval program E796
 
and are listed for each station in table A-l (cols. 1-7, 19-55, 57-66).
 
MULTIPLE REGRESSION MODEL
 
The model equation used in the multiple regression analyses is:
 
log Y = bI log XI + b2 log X2 .... + bn log Xn 
+ a + bn+iX n+l + bn+2X n+2
 
+ bm Xm
 
or its equivalent form:
 
y= X1 bI X2 b2 ....Xn bnl, [a + bn+1 Xn+l
 
+ bn+2 Xn+2 .... m Xm
 
where
 
Y = a streamflow characteristic
 
X to Xm = basin characteristics
 
a = regression constant, and
 
bI to bm = regression coefficients.
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Inthis analysis, X1 through Xn were logarithmically transformed
 
whereas Xn+1 through Xm were not transformed prior to calculations.
 
Independent variables which tend to vary widely, such as (A)drainage
 
area and (L)main channel length, were log (base 10) transformed, where­
as those subject to relatively small variations were used directly. In
 
addition to drainage area and main channel length, (S)main channel
 
slope and (E)mean basin elevation were log transformed. All other
 
basin characteristics were relatively stable and were used directly in
 
the model equation. The model equation was applied uniformly for the
 
development of control and experimental equations without comparing its
 
effectiveness as a predictive tool with models wherein all variables
 
are logarithmically transformed. Rather, simple comparative tests were
 
performed to evaluate the usefulness of remotely sensed land-use data
 
in improving estimates of individual streamflow characteristics.
 
Specifically, the model was applied to 39 gaged basins inthe
 
CARETS region where land-use maps based on high-altitude photography
 
and satellite imagery are available. A control set of equations was
 
developed using the same basin characteristics that Forrest and 'Aalker
 
(1970) incorporated into their evaluation of the Maryland district
 
streamflow program. The regression model was then applied success­
ively to each of three experiments where additional land-use data
 
were incorporated as follows:
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(1) four level I land-use categories derived from
 
high-altitude photography,
 
(2) six individual and combined Level II land-use 
categories derived from high-altitude photography, 
and , 
(3) three Level I land-use categories derived from
 
Landsat-I imagery.
 
Comparisons were then made between the control equations for
 
individual streamflow characteristics and those developed for each
 
of the above experiments to determine whether significant improvement
 
in the standard error of estimate had resulted in any of the 40
 
streamflow-characteristic equations. Changes of 10 or more percent
 
in the standard errors of estimates between the control and experi­
mental equations were arbitrarily deemed significant.
 
The remotely sensed land-use categories selected for analysis
 
depended on frequency of occurrence and percent basinwide coverage
 
of each category, and category accuracy relative to map derived
 
land-use data. For example, only four of six possible Level I land-use
 
categories based on high-altitude photography were tested in experiment
 
1. The Level I categories of wetlands and barren land were not used
 
because of the 39 basins in the regression analysis, wetlands were
 
detected in only three basins and barren lands injust two basins
 
(table 3). Moreover, with the exception of the Rhode River basin which
 
was not used in the regression analysis, the portion,of either category
 
(wetlands or barren land) relative to total area in any of the basins
 
was less than one percent (table 3). Map derived percentages of areas
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covered by lakes, ponds, and streams Aere used in experiment 3 rather
 
than remotely sensed water data based on satellite imagery.
 
Resolution problems as well as spectral and tonal signature degradation
 
precluded accurate detection of the small water bodies found in most
 
of the test basins.
 
REGRESSION EQUATIONS
 
Tables 6-9 summarize the results of the multiple regression
 
analyses. The first column of each table indicates streamflow
 
characteristic (Y) coded in accordance with the scheme developed on
 
p. 31. The last column lists the regression constant (a)corres­
ponding to a particular streamflow characteristic. Regression
 
coefficients (bk) for those independent variables found to be
 
significant at the 95-percent level are listed in the intervening
 
columns. Not all 39 stations in the test network were used in
 
defining each of the regression equations shown in tables 6-9.
 
Owing to varying periods of operation and special purpose gages,
 
sufficient data to define streamflow frequency relationships for all
 
40 characteristics was not available at all gaging stations. For
 
example, two of the gages were designed to measure floods
 
(crest-gage stations) and were used only in the flood-peak compu­
tations. The number of stations used to develop each streamflow
 
characteristic equation is as follows:
 
ORIGINAL P AGE IS 
3OF pooR QUALITY 39
 
Streamflow Characteristic No. of stations
 
P2, P 5, PI10, P25 , 39
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QA, Q- 12 , SDA, SDI 12 
M7,2, V7,2, V7,10 34 
M7,10 33
 
M7, 20  32
 
D50 29
 
V3,2 26
 
V7,25 25
 
V3,25 24
 
P50  15
 
The regression analysis results incorporating physiographic and
 
climatic basin characteristics identical to those used in the Maryland
 
district analysis are listed in table 6. These are the control
 
equations with which equations using remotely sensed land-use infor­
mation were compared. Tables 7 and 8 present equations based on the
 
inclusion of four Level I and six Level IIland-use categories, res­
pectively. These categories were based on land-use maps using
 
high-altitude photographs as the primary information source. Level I
 
land-use data based on Landsat-l imagery at three category levels were
 
also analyzed and the results are listed in table 9.
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Table 6. -- Control equations obtained by regressing streamflow characteristics against physiographic and climatic basin parameters 
obtained from climatologic data and USGS topographic maps. 
Model A" s. ioi 
.#issMeiLxponent or coefficient of basin characteristic
 
Flow 
enarae-
Drainage 
roai Mai Main ohannel channel Mean basin Storage rorest, cover Sall idec "Can anual Precip.intensity Slowfal Janjaryxin..mum Julymaximum Regosf­or 
.rsics 
Y A 
sop 
S 
length 
L 
Celvation 
E St F S 
preCip 
P I z.) S T IebPtempT7 eon~san: a 
Qa 1.006 0.120 0.108 
-.770 
qt 1.027 
.140 0.019 
-1.228 
q2 1.029 
.096 .017 
- 91g 
q3 1.022 
.0017 .159 I- .358 
q4 1.006 
.112 .161 
- 7o3 
q5 '959 
.175 0013 - .752 
q6 .986 
- .i15 
q7 .882 
.027 
- .584 
q8 1.022 
.094,-

.887q 9 
.021 
- .50 
q10 .987 
- .287 
q .994 4.04 
q12 1.038 .169 .619 
Table 6. - Control eqtfations obtained b.y,regrehsing streamflow characteiisties against physiographic and climatic basin parameters
obtaliied from climatologic data and USGS topographic maps'- Continued. 
Model Is YAA/A 
-
z f 5 4v ,SS 
Exponent 
-b " 
or coeff3cient 
4.-. A4 
f basin chhracteristic 
,4A " z7 
flow 
rharact-
cristics 
Y 
Drainage 
area 
A 
Man 
channel 
slope
S 
Man 
channel 
length 
L 
ban 
basin. 
elevation 
S 
Storage 
St 
Mea 
Forest. 
cover 
P5 
So, 
index 
I 
Mean 
annual 
precip. 
P 
Preqp. 
intensity 
nw 
Snofall 
Sn 
January 
nininje 
temp. 
T1 
Irep
July 
naxijun 
tep. 
RenrSa­
1o1 
constant 
a 
SD 1.022 .217 
-1.226 
SDI_ .074 
.194 
- .901 
SD2 1.087 
-.023 .200 
1.037
SD3 .032 -.015 -1.278
 
.D
1 018
4 .021 
-1.076
 
1.015
SD5 
- .223
 
1.039
SD6 
- .400 
SD7 .935 -.0055 - .020 
SD8 1.080 - .093 
.858. .092 -8.054 
SD .947 .027 .0043 -.258 .283 
SD11  1.031 - .313 
SD9 

1.087
SDI2 .. - .316 
Table 6. 

tode1 in 
P10ow 

charact-

*rLstics 

Y 
'2 

P5 

P 

P25 

P50  

v32 

V3 2 5  

SV7,
 2 

V7,10  

., 
 V7 ,2 5  

H7 ,2 

M7,1O 

f7, 20 
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- Control equations obtained by regressing streamflow characteristics against pnysiograpbac and cliatic basin parameters
obtained from clitutologic data and USGS topographic maps -- Continued. 
b,5, -/.Ze,'q P4 1 v 1-F'y<,ot .bzt 4,f &*/0 Th#b~ q&, ltZ / 
Exponent or coefficient of basin characteristic 
Oralnage ?Iaza nan Man storage Forest. Soa Mcan Pr ccp January 

area chcnel channel basin cover index annual tstiua 
slope length elevation procip I 
A 5 L a St F S. P zSrct S, Tj 
1.067 0.770 
-.0089 ,023 

1.017 .783 
-.0093 
- .029 
.942 .756 
-.0094 .029 

.785 .640 
-.0069 

.774 

-.213 

1.067 

1,025 

1.045 

1.022 

1.025 

.936 

3.265, 

2.530 

1.014 
.276 

July RegOSl­no'lfat 

max.u . ton 
constant 
T7 
1.312 
1.712 
0.085 -5.384 
-5.846
 
11.771
 
.831
 
1.270
 
.662
 
.953
 
1.037 
-.93
 
-3.590
 
-4.169
 
-1.178
 
Table 7. -- Experimental equations obtained by regressing streamflow characteristics against physiographic ana climatic basin parameters 
and four level I land-use categories derived from climatologle data, USCS topographi q maps, and high-altitud-photographs. 
ModelIs = 'S 63 b4 /0~ bs 1 
.Exponent or 
Flow 
charact-
Orainage 
area 
Mal. 
channel 
Rain 
channel 
Mean 
basin 
Soi 
index 
erisics 
Y 
" 
A 
slope 
S 
length 
L 
elevation 
E Si 
1.014 0.147 
ql '1.027 .140 
q2 1.029 .096 
q3 1.017 .137 
q4 1.017 .116 
qS .959 
q6 1.001 
q7 .987 .199 
q 1.022 
q9 .958 
q 1 .987 
q 1.013 .157 
q 1.038 .168 
1C~ b7 1#I . b 1qi-C £7,l irk/,,1 &/4 /-At6 U4A6 
coefficient of basin cnaractertsLc¢ 
Mean Precip. 
annual intensit 
precip. 

P lz)1 
d11j.01 
0.019 
.017 
.181 
.173 
.283' 

.426 
.297 

.270 

Snownall 
st 
Urban 
Iu 
Level I 
Agricul-
turu 
U 
ateories 
Forest 
U 
Water 
u. 
0 
1 
1 
.­
.0017 
I 
.0041 
-. 0092 
-.0059 
-.0039 
I 
0.133 
I 
I 
3 I 
Regres 
io,
 
o:a
 
-. 3 
1.228
 
(-.918 
-.27'
 
! -. 752 
- 5­
(-2.036 
-. 9
 
j-1.019
 
-,287 
-1 444 
- 619 
Table 7. -- Experinental equations 	obtained by regressing streamlow characteristics against physiographxc and climatic basin paraneters, 
a 	 and four level I land-use categories derived from clinatologic data, USGS topographic maps, and high-altitude photographs 
-- Continued. 
Exnent or coefficient of basin cnaracterstc w 
Level I categories 
FloW Uat nago Man 4an Mean Soil Mla July Snofall A RL_ iUenrss­charact- area chooe! channel basin SOx 	 con
annua 	 Urban ture Forest Water 
orstics Slope length elevation precip. to.?. u constn 
Y A S L. aS, 77 a, uU IFtI 
SD 1.022
a .217 -1.226 
SD1 1.074 .194 - .901 
SD2 1.067 -.023 .200 
SD3 -1.27$1.037 .032 -.015 

SD4 1.044 .018 
 .156 -1.004
 
SD5 - .223
1.015 
SD6 j - .4001.039 

SD7 .914 -.0051 - .020
 
SD8 1.080 - .093
 
SD9 .858 .092 -8.054
 
SD 1.047 
-.017 -.0035
10  - :052
 
SD 1,031 

- ,313 
12 . 0
8D12 1.087 ____ 	 ' *316I-
Table 7. -- Experimental equations obtained by regressing streamflow characteristics against phystographic and climatic basin parameters,
and four level I land use-categoriesderived from climatologic data, USGS topographic maps, and high-altitude photographs 
-- Continued.b, 42 h-3 (btbzz (4P,~f h'fModel Is S L /0 
or coefficient of basin cnaracterlsticExponent 
Flow Praln g Main 
 Main Mean Soil Moan Precip. Snowfall Agrcul- aegress­charact- aro channel chanel basin index annual intensit) Urban turn Forest "ae ion 
'ritic. slope length elvatian procip. t o..cnt 
A 6 L BSi P In s u Li aU1 
P2 0.694 0.462 
 0.0032 
-.0062 1.053
 
P5 .995 0.774 

-.287 -.029 

-.0060 -.380 2.635
 
P .962 .759 

-.029 

-.0077 -.327 1.907
 
F25 .838 .634 
 ]-.0056 1.711
 
P50 .774 

-.213 
 11.771
 
1.086
V3,2 .0025 .761
 
1.052
V3,25  
.0022 1.195
 
VT72 1.045 

.662
 
V 7 .022 

.953
 
V7,25 1.025 
 1.037
 
7.2 1.081 1.152 

-.018 4.456
 
X ,1 0  5.625' 
 3.590
 
7,20 2.530 

D50 .989 

.284 0.0048 .285 -1.428
 
*Although T1 (January mean minimu temperature) was used in the regression analysis it was not significant; accordingly it was not 
listed in this table
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Table 8.. -- Experimental equations obtained by regressing streamflow characteristics against phystographic and climatic parameters, 
aod s2X level II land-use categories derived from climatologic data, USGS topographic maps, and hgh-altitude photographs 
Ilodel "is /. 
Flow 
charact- ran 
jgain Minn 
chsoneI Chan el 
Exponent or 
Rean Storag
basin 
coefficient of basin characteristic* 
Soil Noan Procip. Snow- Pasture 
index annual intens. a: Co-cra 
Level 11 categories 
Resid- Indus- orest 
ra heavy" 
Forest 
lig 
Re~redsson 
¢oasc 
eristic area slope lenagth" eev. precip. land 
y A S. UT UI Uh Ufl 
Qa 1.014 0.154 0.180 -. 0017 -1.0S7 
q, 1.027 .140 0.019 -1.228 
q2 1.029 .096 .017 - .918 
4t q3 1.017 .131 
.0018 - .2S2 
q4 1.006 .16i .112 - .765 
q5 .959 
.013 .173 - .752 
q6 .977 -. 004 .385 .267 .132 -2.501 
q7 .987 -.010 .475 .236 -2.52S 
q 1.022 - ."_4 
q
9 
S63 -. 07 .378 .163 -1.846 
1 .987 - .2S7 
q *994 - .04 
q 1.038 .168 - .619 
__ 
Table 8. -- Experimental equations obtained by regressing streamflow characteristics against physiographic and climatic patrezers,and six level II land-use categories derived from clznatologzc data, USGS topograplic maps, ard hig-alttde p.ozoZraphs--
is s 0'~~odeiYtA Xr4/O(~S 4S.,P A > 4 S,4.t6,. 77,-4b,,7>b, Vr#6,r4;h' Ajvt:s (Jo1-,61A,, 
, ______ Exponent or coefficient of basin characteristic'
 
Pl.LevelFlow r Hain Main Il caeeoriesMean Storagq Soil Mean July Snow- Pasture Rcsid- Urban -:cres: Forest
ricti Drnag channel channel basin index annual Aix. fall g Crop- ential otner I .eaY lt 
area slope length elev. pre-pr tp. li 0 
Y A S L E S, Si P T7 U3 U a fh
 
S 1.034 

.182 014 
SD 1.070 
.0024 
S02 I.W00 
- 023 -.012 
.310 I.200 
5 3 1 037 
 .032 
-.015 

S04 1 018 
.021 

S05 1.015 

so6 1.039 I 

so7 909 
 0004. 
-.004 

SD 1.0808 
.858 

SD o 1.068 

SD9 092 I-

-.017 -.0047 026 

SD1 1.031 

SD1 1.1068.2
 
_ _ _ _ 
.I12_ 
 _ _ _ _ _ _ _ _ _ 
Contn,.e-d 
ti) 
cgress::-.
cozst-,= 
a 
-1 098 
-1.326 
-1 27B 
-1 016 
- 223 
- .0 
- .00 
-. 093 
- .03 
054
 
.017 
- 313 
31 
_ _ IV 
Table a Experimental equations obtained by regressing streamflo characteristics against physlographc and cl.matxc para~ctc:s,r and six level II land-use categories derived from clizatologic data, SGS topographc raps, sand higa-alitie phowgrapns -- CnDatnued 
d P ' ZL bS3 4 45s bSSSPA ATi 12S , 7,'&7 - b,.V4±Z/;4;'t £4 U' & 4U7b,,
>NodelI is yzq sL /0t~ ~7­
- -Exoonent or coefficient of brs:n characteristic* 
I Le'el II catco¢rer qeg-ession 
~ Main noi rorostr ~ Main Moan Itorago Soi moan PreciP Posture lso 1nj~.- I005 rarest
charact-
 Dralnag charnel channel basin index annual inters all 61Crop- ential trial na.O iigant
eristic area slope length elv. pree, landf h U a 
Y A S E S1 P Itu,z) Sn , ~, 
I06
p2 0 699 453 .04 1. 
p5 .999 .694 -.02 I-.° 1 
P1o 967 703 
 -.026 ,.804o" .6I9-.
 
P2 5 .8 3 5 .6 3 1 I" 01 7 1 4 
toP .774 -. 213 11.771 
v 3 ,2 1.094 1.0033 75 
1.060
v 3,25 .0029 1.186j 
%7,2 1.045 I 662 
t.210 959
 
1.0253V7,25  1.037 
H7 2 1.076 1.216 
-. U98 -4.660 
M7 .1 0 3.265 
-3 590 
M7, 20  2.50 I 4.169 
00 .990 
.259 0042 -1 280 
-Although T 1 (January mean minimum temperature) Wn Alaed in the regression analysis it was not signiticant, a.ccrdingly, it uas not listed 
in this table.
 
Table q. - Experimental equations obtained by regressing streamflow characteristics against physiographic and climatic basin parameters,

and three level 	I land-use categories'derived from climatologic data, USGS topographic maps, and Landsat imagery.
 
Model is Y=A 4 (twTL-bs t4 £ e $ + b7P,' b8rf4-. 9S T-,*b h~lT77 -612 ZU-'z '1 z2+L 
Exponent or coefficient of basin characteristic* 
Flaw Drainage Main Main Soil Mlean Precip Sn6wfall July Level I Categor'escharact- area channel channel index annual intensity maximum Uroan Agr'cul- Forest Regression
eistics slope length precip, 	 t&peratre ture constant 
Y - A S L Si p 1(24,2) S T7 Zu 7a Zf a 
Qa 1 058 120 .108 	 70
 
q, 1 027 	 .140 1079 

-7223
q2 1.029 	 .096 .017 
.918
 
C 	 q3 1.044 .138 -.008 IC5
 
q4 1 006 112 .161,( 

-
q5 .959 	 .173 .013 
- 752 
q6 .986 

- 115 
47 .882 

.027 

.584
 
q8 1.022 

-094
 
q9 .887 021 

.507
 
qlO .987 

1 - 287 qll .994 084
 
q 1.038 .168 I 

-.619
 
*Although E (mean basin elevation), S (storage), and T1 (January mean minimum temperature) were used in the regression analybis, they
 
were not significant and are noi listed in this table.'
 
Table 9. -- Experfmental equations obtained by regressing streamflow characteristics against physiographic and climatic b in paraeters, 
and three level I land-use categories derived from climatologic data, USGS topographic maps, and Landsat imagery -- Conti-ued. 
ltdeI is Y=~'q 1.L 3E6 /C ,0 rZ.,4b,74b~ v 0 z '4Z ) 
Flow 
charact-
Drainage 
area 
Main 
channel 
lain 
channel 
Soil 
index 
Exponent or coefficient of basin characteristict 
Mean Precip. Snowfall July 
annual intensity maximum Urban 
eI_at__ -g ____es __ 
Level 1 Categories 
Agricul- F Forest Regression 
eristics slope length precp, temperature ture constant 
A S L p 1(24,Z) S Tz u Za Z' a 
SD, 1.022 .217 -1.226 
SDI 1 074 .194 - 9G 
SD2 1:087 - 023 .200 
S93 1.037 032 -.015 -1278 
SD4 1.018 .021 -1.076 
S0S 1,015 - 223 
1.039 - .400 
SD7 .922 - 0050 - 040 
SO8 1.080 - 093 
0 0 S9 .858 .092 -8.054 
SDlo 1,076 -.281 -.029 .994 
SDI1 1.031 
SD2 1.087 1-
- 313 
.316 
Table 9. --	 Experimental equations obtained by regressing streamflow characteristics against pnysiographic and climatic basin parameters,
and three level I land-use categories derived from climatologic data, USGS topographic maps, and Landsat Tmagery - conted. 
Model is Y=A tbt&;44o( aA s S.*645&sz PtbsfT ,,Z2 &,O6.T* T,±sZa / ,3 Z.A,/-Z6, Zh,4 2	 . 
i i_ Exponent or coefficient of basin characteristic-
Flow Drainage Main Main 
 Soil 	 Mean Precip. snowfall July Level I Categories
charact- area channel channel index annual intensity maxirnuo Uroan Agricul- Forest Regress-oneristics slope_ length 	 precip, 
 temperature ture coastant 
YA S LS P I(V.zc) S T7 zu Za Zfa 
P2 .991 .746 -.397 	 2.022
 
P .918 .735
5 	 -.354 
 2 21'
 
PIO .853 .672 

- 0036 1.403 
P25  .793 .658 
-. 0043 1 692 
P50 774 
-.213 

11,771
!j 
V3, 1 054
2 .0021 .809
 
V3. 1.089
25  .OOZ4 1.236
 
V7 1 038 654
.2 .0012 

V7,10 1.022 

.953
 
V7, 1.020
25 	 .0018 1 014
 
.M,
845
2 .070 -.015 
-1.895
 
M7.10  3.255 

-3.590
 
M7,20 2.639 

-.019 	
-4.035
 
050 .918 
.324 
 .0038 	 -1.506
 
To illustrate the use of the regression equations, assume that the
 
2-year peak flow (P2) is required for Shellpot Creek at Wilmington
 
(fig. 2, index No. 4778) using (1)map and climate data (table 6), (2)
 
added Level II land use based on high-altitude photography (table 8),
 
or (3)added Level I land use from satellite imagery (table 9). The
 
equations for (1)are:
 
from table 6:
 
= A1 .067 S0.770 10 (1.312 - 0.0089F - 0.023Sn)
P2 

from table Al:
 
= 7.461.067 67.10.770 10 [1.312 - 0.0089(19) - 0.023 (20)]
P2 

P2 = 8.535 (25.50) 100.683
 
P2= 1050 ft3/s,
 
(2)
 
from table 8:
 
= A0 699 E0
P2 . .453 10 (1.067 + 0.0042 Ur - 0.0065 Ufh)
 
from table Al:
 
- 0.0065 (10.1)]
P2 = 7.640.699 2710.453 10 [1.067 + 0.0042 (69.8) 

P2 = 4.143 (12.65) 101.294
 
P2 = 1030 ft3/s,
 
and (3)
 
from table 9:
 
=
P2 A0.991 S0.745 10 (2.022 - 0.397 124,2)
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from table Al:
 
- 0.397 (3.3)]
P2 = 7.460.991 67.1 0.74 10 [2.022 
P2 = 7.326 (23.05) 100712 
P2 = 870 ft3/S 
Each of these 2-year peak flow estimates at Shellpot Creek, based
 
on regression analyses, is below the 1,200 ft3/s computed from actual
 
station records (table Al, col. 24). Part of the variation between
 
predicted and recorded discharge is due to chance. However, Shellpot
 
Creek drains a highly urban ,area and is subject to flash flooding owing
 
to the impervious nature of its basin. Because the regression analysis
 
is based on rural as well as urban streams, fairly sizeable discrepan­
cies in the 2-year recurrence flood between actual and estimated values
 
were anticipated at the station.
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ACCURACY COMPARISONS
 
Tables 10-12 identify the significant Independent variables in both
 
the control and experimental equation arrays as well as the standard error
 
of each equation in logarithmic units and approximate equivalent percentage.
 
The percentages represent arithmetic averages of the plus and minus percent
 
of the mean, calculated using the standard error inlog units. Thus, an
 
average standard error of 18.5 percent, corresponding to 0.08 log units,
 
represents a range of 20.2 percent on,the plus (high) side and 16.8 on the
 
minus (low) side of the streamflow characteristic mean (Hardison, 1969). The
 
last two columns show the percent change in the standard error resulting from
 
inclusion of land-use information in the analysis. Changes of 10 or more
 
percent inthe standard error of estimate are considered to be significant.
 
Plus percent changes are indicative of improved accuracy whereas minus changes
 
represent a loss of accuracy. Percent change values are given for all stream­
flow characteristics except the three 7-day low-flow categories. Less than
 
50 percent of the variance ineach of these categories was explained by any
 
of the 7-day low-flow regression equations. This strongly suggests that other
 
unidentified independent variables should have been included in the regression
 
analyses. Accordingly, conclusions regarding relative accuracy improvements were
 
not made for any of the low-flow categories.
 
Experiment 1
 
Inthe first experimental array of regression equations, four of six
 
possible Level I land-use classifications derived from high-altitude photo­
graphs were tested; namely, FORESTLAND (Uf), AGRICULTURAL (Ua), URBAN AND BUILTUP
 
(Uu), and WATER (Uw). As previously noted, the remaining two Level I categories,
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0VN
0V~ 
Table 10. --	 Comparison of standard error of estimate changes resulting from inclusion in the regression analysis of 
tour level I land-use categories derived from high-altitude photography. 
Flow Significant predictive variables 	 Standard error of estimate 
 Percent

charact-
 change

eristics 
 in log units in percent
 
Y Control equations Experimental equations Control Exper. Control Exper.. Plus 
 Xrrn, s 
Qa A; Si; 124,2 A; Si; 124,2; Uf 0.062 0.058 14.4 13.4 6.9
 
ql A; Si; P A; Si; P .61 .061 14. 
 14.1 	 0 0
 
q2 A; Sj; P A; Sl; P .067 .067 15.5 15.5 0 0
 
q3 A; Sj; p A; Si; Uf .073 .073 
 16.9 16.9' 	 0 0
 
q4 A; Si; 124,2 A;Si; 124,21 U. .072 .066 16.7 15.3 	 8.4
 
q5 A; Sn; 124,2 A; Sn; 124,2 .095 095 22.0 22.0 	 0 0
 
q6 A A; 124,2; Uf .133 .114 31.1 26.6 14.5
 
q7 A; Sn A; Si; 124,2; Uf .182 .146 43.1 34.2 20.6
 
q8 A A .120 .120 28.0 28.0 0 0
 
q9. A; Sn 	 A; I24, ; Uf .143 .127 33.5 29.7 11.3
 
ql0 A A .139 .139 32.6 32.6 0 0
 
qll A A; Si; 124,2; Uf .117 .097 27.3 22.5 
 17.6
 
q1 2 A; Si A; Si .081 .081 18.7 18.7 0 0
 
C 
Table 10. -- Comparison of standard error of estimate charges resulting from inclusion In ti'e regression analysis 
four level I land-use categories derived from high-altitude photography --Continued. 
of 
Flou 
charact-
erisouas 
Significant; predictive variables 
in log 
Standard error of estimate 
units in percent 
Percent 
charge 
Control equations Experimental equations Control Exper. . Control Exper. Plus _ MI -as 
SDa 
SD1 
SD2 
SD3 
SD4 
A, Si 
A, S1 
A, Sn 
A, So, P 
$, P 
A, Si 
A, Si 
A, Sn 
A, So, P 
A, P, '4 
0.085 
.094 
.107 
.095 
.080 
0.085 
.094 
.107 
.095 
.074 
19.7 
21.8 
24.9 
22.0 
18.5 
19.7 
21.8 
24.9 
22.0 
17.1 
0 
0 
0 
0 
7.6 
0 
0 
SD5 
SD6 
SD7 
SD8 
A 
A 
A, F 
A 
A 
A 
A, Uf 
A 
.116 
.149 
.195 
.153 
.j16 
.!49 
.197 
.153 
27.0 
35.0 
46.4 
35.9 
27.0 
35.0 
40.9 
35.9 
0 
0 
0 
0 
0 
iI 
C 
SD9 
SDI0 
SDII 
A, T7 
A, 't 
A 
F, Si 
A, T7 
A, So, Ua 
A 
.155 
.152 
.154, 
.155 
.155 
.154 
36.4 
35.7 
36.2 
36.4 
36.4 
36.2 
0 
0 
0 
2Z 
SD 12 A A .137 .J37 32.1 32.1 0 
Comparison of standard error of estimate changes resulting from inclusion in the regression 
analysis of
 
Table 10. -­
four level I land-use categories derived from high-altitude photography -- Continued.
 
?ercent
Standard error of estimate
Flow Significant predictive variables *I prce

haact-

eristics 4 percertin log units 
Control equations Experimental equations Control Exner. Control Exter. 
Plus !Hrus 
P2 
P5 
A, F; S; S 
A; F; s, S, 
A, E; U; Uu 
A; s., , 
1 1%U , 
0.158 
.150 
0.177 
.145 
37.1 
35.2 
41.8 
34.0 3.4 
!12.7 
FIo 
P2 5 
Pro 
A; F; 5, 3, 
A; F; S 
A; P 
T7 A, S; Sn' Uf; 
A, S; Uf 
A; P 
U, .147 
.158 
.259 
.159 
.186 
.259 
54.5 
37.8 
63.2 
37.4 
44.1 
63.2 
-
0 
I 
L9 7 
C 
V3 2 V32 AA A; Uu u 
.126 .1073 29.4,.2 24.93. 15.3 
V3 ,2 
V 7 ,2 
V7 ,1 
V7 2! 
A 
A 
A 
A 
A, U u 
A 
A 
A 
.146 
.089 
.103 
.102 
.135 
.089 
.103 
.102 
34.2 
20.7 
23.9 
23.7 
37.6 
20.7 
23.9 
23.7 
y.C 
0 
0 
0 
I 
o 
j° 
M7, 2 
M7,1 
M7,2 
A 
L 
'A 
A; Si; 
L 
A 
Uf .791 
1.394 
1.509 
.690 
1.394 
1.509 
NO meaningful equations derived 
No meaningful equations derived 
No meaningful equations derived 
D50 A; Sj A; 124,2; Ua Uw , .143 .106 
33.5 24.6 26.6 
Table 11. -- Comparison of standard error estimate changes resulting from inclusion in the regression analysis of 
six level II land-use categories derived from high-altitude photography. 
Flow 
charact-
eristics 
Y 
'a 
Significant predictive variables 
Control equations Experimental equations 
A, S; 124,2 A, Si; 124.2 Ur 
Standard error of estimate 
in log units in nercent 
Control Exper. Control Ener. 
0.062 0.057 14.4 13.2 
Perce-t 
cha-nge 
Mlsinus 
8.3 
q2 
q2 
q3 
q4 
A; Si; P 
A; Si; P 
A; Sj, F 
A; Si; 124,2 
A; Si, P 
A; Si; P 
A, Si; Ufh 
A; Si; 124,2 
.061 
.067 
.073 
.072 
.061 
.067 
.072 
.072 
14.1 
15,5 
16.9 
16.7 
14.1. 
5.5* 
16.7 
16.7 
1.2 
a 
0 
0 
q 
r6 
q7 
q8 
A; Sn; 124,2 
A 
A; Sn 
A 
A; Sn; 124,2 
A; E; Si; 124,2; Ufh 
A; Si; 124,2; Ufh 
A 
.095 
.133 
.182 
.120 
.095 
.100 
.113 
.120 
22.0 
31.1 
43.1 
28.0 
22.0 
23.2 
33.5 
28.0 
0 
25.4 
22.2 
0 
0 
o o 
q9 . 
ql0 
A; Sn 
A 
A; Si; 124,2; Ufh 
A 
.143 
.139 
.121 
.139 
33.5 
32.6 
28.2 
32.6 
15.8 
0 
0A 
0 912 A; si 
A 
A, Si 
.11' 
.081 
.117 
.081 
27.3 
18.7 
27.3 
18.7 
0 
o 
0 
o 
Table 11. -- Comparison of itanda'rd error estimate changes resulting from inclusion in the regression analysis
six level It land-use categories derived from high-altitude photography -- Continued. 
of 
Flow 
cnaract-
eristics 
Significant predictive variables Standard error of estimate 
in log units in percent 
Percent 
cnange 
Y Control equations I Experimental equations Control Exper. Control ExDer. Plus Minus 
SDa A, Si A, Sij Ufh 0.085 0.081 19.7 18.7 5.1 
SD1 A, Si A, Si, Ur .094 .089 21.8 20.7 5.5 
SD2 A, Sn A, Sn, U, .107 .102 24.9 23.7 4.8 
SD3 A, Sn , P A, Sn, P .095 .095 22.0 22.0 0 0 
SD4 A, P A, P .080 .080 18.5 18.5 C 0 
SD5 A A .116 .116 27.0 27.0 0 0 
SD6 A A .149 .149 35.0 35.C 0 0 
SD7 A, F A, Ufh .195 .199 46.4 47.4 2.2 
SD8 A A .153 .153 35.9 35.9 0 0 
SD9 A, T7 A, T7 .155 .155 36.4 36.4 C 0 
SDI0 A, S t F, Si A, Sn a, Uf .152 .148 35.7 34.7 2.8 
SDI, A .A .154' .151 36.2 36.2 0 0 
SD1 2 A A, Uf. .137 .131 32.1 30.6 4.7 
Table 11. -- Comparison of standard error estimate changes resulting from inclusion in the regression analysis of 
six level Ii land-use categories derived from bigh-altitude photography -- Continued. 
Flow Significant predictive variables Standard error of estimate Percent
charact- clange 
Po eistics in log units in percent 
Y Control equations Experimental equations Control Exper. Cortrol EAoer. Plus iruzJ 
P2 A; F; S; S. A; E, Ufh; Ur 0.158 0.176 37.1 4!.6 I 12.1. 
P5 A; F; S; S. A; S, Sn , Ufh .150 .165 35.2 38 8 10.2 
PIu A, F; S; ; '7 A, S; S=, Uf .147 .174 34.5 41.1 19.1 
P25 A; F; S A, S; Ufh .158 .187 37.8 44.4 I7.5 
P50 A, P A, P .259 .259 63.2 63.2 I 
V3,2 A A; Ur .126 .u06 .29.4 2'.6 16.3 
V3,25  A A; Ur .146 .135 34.z 31.6 7.6 
V7,2 A A .089 .089 20.7 20.7 0 0 
V7 ,10  A 'A .103 .103 23.9 23.9 0 0 
V7, 25 A A .102 .102 23.7 23.7 I 0 
M7,2 A -A; S,; UJfh T91 .685 No meaningful equation derived
 
17,10 L L 1.394 1.394 No neaningfal equation derived 
N7,25 A A 1.509 1.509 No meaningful equation derived 
D50 A; S1 A; 124,2; Ua .143 .120 33.5 28.0 i6.4
 
Toole 12. - Com;arison of standard error of estate 
categories derived from landsat imagery. 
Flo. Significant predictive variables 
2:,araet­
o-Istics 
Y Control equations Experitental equations 
A, S; 124,2 A, S1; 124,2 
q, A, Si, P A, Si, P 
q A. Si, P A, si, P 
N) q3 A, S A, S,, S 
c4 A, Si. I24,2 A, Si, 124,2 
q5 A, Sn 24,2 A s , 124,2 
Q6 A A 
a A; S A, Sn 	 n 
q8 A A 
q9 A; S A,8S2M 
qio A A 
q 'A A 
1 A,S A,s5 
changes resulting from incslioc in the regressicn analysis of three .evel 
Standard error of estimate 

in log units in percent
 
Control Exoer. Control Exoer. 

0.062 	 0.062 14.1. 14 
.o61 .061 141 114., 
.067 .067 :5.5 15.5 
.073 07. 1A.9 17 2 
.072 .072 16.7 16 7 
.095 .095 22.0 220 
.133 .133 31.1 31.1m 
.282 .182 h3 1 43,1 
-. 120 .120 26.0 28.0 
.243 .143 33.5 33 5 
.139 139 32.6 32.6 
.117 .17 I 273 27 3 
.081 .081 8.T 8.7 
I 	 lond-de 
Percenz 
Plus ir:f 
0 0
 
0 0
 
0 0 
i 
0 1 0 
0 0 
3 
0 0 
0 0 
0 0 
0 a 
0 0 
0 C
 
Table 12.-- Comparison of standard error of estimate changes resulting 
categories derived from Landsat imagery. -- Continued. 
frm inclusion in the regression analysis of tuee level I la-d&se 
FloA 
charact­
eristics 
Y 
Significant predictive variables 
Control equations Experimental equations 
Standard error of estimate 
in log units in percent 
Control Exper. Control Exoer. 
_ 
-ercent 
Plus i ilit 
SDa 
SD1 
A, Si 
A, Si 
A; S 
A, Si 
0.085 
9h 
0.085 
.094 
19.7 
21.8 
19 7 
21.8 
0 
0 
0 
a 
O04 
SD2 
SD3 
A; Sn 
A, Sa 
A, P 
P 
A' So 
A, S, P 
A,P 
.107 
.095 
.080 
.107 
.095 
.080 
24.9 
22.0 
18.5 
24 9 
22 0 
18.5 
0 
0 
0 
0 
C 
0 
SD5 
SD6 
SD7 
A 
A 
A, F 
A 
A 
A, Zf 
.116 
.119 
.195 
.116 
.ih9 
.190 
27.0 
35.0 
6. 
27 0 
35.0 
45 1 
0 
0 
2.8 
0 
0 
SD8 
SD9 
A 
A; T7 
A 
A, T7 
.153 
.155 
.. 153 
.155 
35.9 
36.4 
35 9 
36.4 
0 
0 
0 
r 
S1O0 
SD1 1  
2 
SD1 
A; 
A 
A 
S". F. ri A, Si, 
A 
A 
S .152 
.154 
.13-
.157 
.154 
.137 
35.7 
36.2 
32.1 
36 9 
36.2 
321 
0 
0 
3 4 
0 
0 
Table 12. --	Comparison of standard error of estimate changes resulting from inclusion in the regression analysis of tree level I lana- se
 
categories derived from Landsat imagery -- Continued
 
Flow Significant predictive variables Standard error of estimate
 
charmer-
 .Percent 
eristiCs in log units in percent 
Y Control equations Experimental equations Control Exper. Control !:xer. Plus ' it,-
P2 A, F.S,S, A; s. 124,2 0.158 0.188 37.1 414.6 20.2 
P5 A, F, S', n A; 5, 124,2 .150 .190 35 2 45.1 2 1 
P A; F, 5, Sn, T7 A, S Z .147 .198 3h.5 47.1 6 5 
25 A, F, S A; S, Zf .158 .191 37 8 45 4 20 1 
P50 A, P A, P .259 .259 	 63 2 63.2 0 
 0
 
V3 ,2 A A; Z . .126 .109 29.4 25.4 13.6
 
U
 
V3,25 A A; Zu .1146 .128 34.2 29 9 12 6
 
VT A A,Z
2 u .089 .084 20.7 19.5 5.8
 
V7,10 A A 
 .103 .103 23 9 23.9 0 0
 
V7,25 A A,Z
u .102 .087 23.7 20 2 14.5
 
2 A A, S. Z
u .791 .651 No meaningful equation aorived
 
'tic L 
 L 1.394 1.39; No meaningful equation derive6
 
Ail25 A, Zu 1.509 1.435 Wo meaningful ejuation derivea
 
D 0A; 	 Si A, 12 4,2 ' Z. .143 .119 33.5 2771.0 
BARREN LAND and WETLAND, were identifed in only five of the 39 basins
 
used in the correlation network, and were not included in the regression
 
analysis. Throughout the analyses, Uf was substituted for the USGS topo­
graphic map (scale 1:24,000) derived forest (F)category which was used
 
in the control equations, and Uw was used in place of the USGS map derived
 
storage (St) category also used in the control equations. No substitutions
 
were required for U a or U u because neither category was available for use
 
in the original (control) equations.
 
Results of the experiment are listed in table 10, which shows that
 
11 equations were improved (six significantly) and five equations sus­
tained a loss of accuracy (two significantly). By far the most often used
 
independent variable in the regression analysis was FORESTLAND (Uf) as
 
indicated below:
 
Streamflow Number Number of times that indicated 
Characteristic of variable occurred 
Type equations Ua Uf Uu Uw 
High 10 0 4 3 2
 
Average 14 1 6 0 2
 
Low 3 0 1 0 0
 
Variability 13 1 1 0 1
 
All characteristics 40 2 12 3 5
 
Five of the six streamflow characteristic equations significantly
 
improved by inclusion of Level I land-use information involved mean flow
 
characteristics (q6, q7 , q9 , q,, and D50) whereas one flood volume charac­
teristic (V3 ,2) equation was similarly improved. A significant accuracy
 
loss was detected in two flood peak characteristics (P2, P25). Examin­
ation of the four significant variables affecting the P2 relationships
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(table 10) in both the control and experimental equation arrays indicates
 
the presence of three dissimilar variables. By way of contrast, the three
 
significant variables governing the P25 flood characteristic were identi­
fied in both tests; however, F was used in the control set whereas Uf was
 
used in the experimental set. Owing to the loss of accuracy due to the
 
inclusion of U.f in the analysis, F (map derived) is the preferred inde­
pendent variable for estimating 25-year flood peaks rather than Uf which
 
was obtained from high-altitude aircraft photography.
 
Experiment 2
 
In this experiment six Level II categories were included in the
 
regression analysis to evaluate the possible impact of more detailed
 
land-use information on streamflow estimates. As in Experiment 1, Level II
 
data were derived from high-altitude photographs of the CARETS region.
 
Two forest categories were included to depict heavy crown cover (Ufh) and
 
light crown cover (Ufl). Categories denoting residential (Ur), industrial
 
(U,) and, open and other (Uo) urban development were also incorporated in
 
the analyses. The urban open and other (U0) category consists of golf
 
courses, some parks, cemeteries, and undeveloped land within an urban
 
setting (Anderson and others, 1972). The last Level II classification
 
used in the analysis was a combined cropland and pasture category (Ua)
 
which essentially corresponded to the Level I agriculture category used
 
in Experiment I. Level II Uw was not substituted for St (map derived
 
storage) in Experiment 2 because it appears that the St category, based
 
on 1:24,000 scale maps, portrays surface-water area with an equivalent
 
accuracy to that derived from high-altitude photographs.
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Thirteen equations were improved (five significantly) and five were
 
reduced in accuracy (four significantly) by the inclusio of Level II
 
land-use data derived from high-altitude photography (table 11). The
 
independent variable most often appearing in the test equations was Ufh
 
whereas UI never proved to be significant in any of the 40 equations as
 
shown below:
 
Streamflow Number Number of times that indicated 
Characteristic of variable occurred 
type equations Ua Ufh Ufl Ur U0 U1 
High 10 0 4 0 3 0 0 
Average 14 1 5 0 0 0 0 
Low 3 0 1 0 0 0 0 
Variability 13 1 1 3 1 1 0 
All characteristics 40 2 11 3 4 1 0 
Not surprisingly, the results of this test closely parallel those
 
inExperiment 1 in that the streamflow characteristic equations signifi­
cantly improved in Experiment 2 were identical to five of the six
 
characteristics similarly improved in Experiment 1. Significant accuracy
 
losses were sustained infour of the five flood peak characteristic
 
equations as evidenced by large minus percent changes (10 to 19 percent)
 
inthe standard errors for these experimental equations. As inExperiment
 
1,more accurate flood estimates were generated in the control equations
 
where F (map derived forest cover) appears as a stronger independent
 
variable than either Ufh or Ufl (aircraft derived forest categories). The
 
use of Level IIaircraft derived land use generated a slight overall loss
 
in accuracy in the equations when compared with the Level I categories
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used in Experiment 1. Thus, the use of more detailed land-use dliscrim­
ination provided by Level IIwas unwarranted in this particular stream­
gaging network.
 
The loss of accuracy in estimating flood peak discharges at all
 
frequency intervals except the 50-year return period, where forest cover
 
is relatively unimportant, is probably a function of how well the land­
use information represents the selected streamflow study period. For
 
example, flood flow records used in this analysis included all available
 
gaging-station records through September 30, 1967. The maps available
 
for determining forest cover (F) in the control equations were prepared
 
predominantly during the late 1950's which approximates the median period
 
of actual data collection at the gaging stations (table 2). Land-use maps
 
which were derived from high-altitude photographs obtained in 1970 and
 
1972 reflect conditions beyond the streamflow analysis cutoff date.
 
Because flood flows are highly dependent on forest cover, the values for
 
this factor (F)used in the control equations were better suited as flood
 
flow predictors than either the Level I (Uf) or Level II (U fh and Ufl) aircr
 
aircraft derived forest cover estimates obtained three to five years
 
beyond the flood analysis cutoff date.
 
Experiment 3
 
Owing to a significant loss of land-use detail in Landsat imagery,
 
only three of six possible Level I categories were tested in Experiment 3.
 
These include agriculture (Za), forestland (Zf), and urban and built-up
 
(Zu). As in Experiment 2, St (map derived storage) was retained to reflect
 
the percentage of each basin covered by lakes, ponds, and swamps. Level I
 
forestland (Zf) was substituted for map derived forest (F). Za and Zu
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represent land-use characteristics which were not considered in the control
 
equations. Aside from the substitution of Zf and the addition of Za and
 
Z to the analysis, all other basin characteristics tested in Experiment 3
 
were identical with those used in the control equations.
 
Only six equations were improved (four significantly) and an identical 
number were reduced in accuracy (table 12). The independent variable 
appearing most often in the analyses was Zu which was significant in a 
total of six low- and high-water equations as indicated below: 
Streamflow Number Number of times that indicated 
Characteristic of variable occurred 
type equations Za Zf Zu 
High 10 0 2 4 
Average 14 1 0 0 
Low 3 0 0 2 
Variability 13 0 1 0
 
All characteristics 40 1 3 6
 
As in the high-altitude photography experiments, flood peak equations
 
were adversely affected by inclusion of remotely sensed lnd-use infor­
mation. Four of the five flood peak equations showed significant accuracy
 
losses. Satellite forest cover, (Zf) obtained principally in late 1972,
 
was not as effective as map derived values (F) in portraying conditions
 
representative of the flood flow data analyzed in this report. Moreover,
 
additional difficulties in land-use discrimination in satellite imagery
 
that were not encountered in high-altitude photography introduced further
 
errors in evaluating Zf. The combination of these and other error factors
 
interacted to amplify flood-flow accuracy losses to a range of 20 to 36.5
 
percent (table 12).
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Using a network of gaged basins in the Delmarva Peninsula, Hollyday
 
(1976) found that 12 streamflow characteristics were significantly
 
improved with the inclusion of Landsat derived land-use information.
 
Hollyday extracted the following categories from satellite imagery for
 
use in a multiple regression analysis (1)forest, (2)riparian (streambank)
 
vegetation, (3)water, and (4)combined agricultural and urban land use.
 
Only one accuracy loss (December mean discharge) was detected in his
 
regression analysis of 20 gaging stations, all of which were included in
 
this study.
 
SUMMARY AND CONCLUSIONS
 
Maps incorporating the CARETS land-use classification system were
 
utilized to determine land cover in selected basins of Delaware, eastern
 
Maryland and Virginia. Land-use maps based on high-altitude photographs
 
were used to prepare Level I (generalized) and Level II (more detailed)
 
classifications for 49 basins. Only Level I classifications could be
 
defined on the 1:250,000 scale maps derived from Landsat-l images. Land
 
use varied from highly urbanized inmany basins in the Washington-Baltimore-

Wilmington corridor to heavily agricultural in the Delmarva Peninsula.
 
Using a network of gaging stations consisting of 39 of the 49 basins
 
for which land cover was defined, it was demonstrated that land-use data
 
derived from high-altitude aircraft photograohs are effective in signifi­
cantly improving streamflow estimates. Significant improvement in
 
accuracy, defined as a 10 or greater percentage reduction in the
 
standard error of estimate, was detected by comparing streamflow
 
characteristic "control" equations with three experimental equation sets.
 
The control equation set consisted of basin characteristics used in a
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review of the streamflow program of toe Maryland district of the
 
U.S. Geological Survey. Land-use data based on high-altitude photographs
 
and satellite imagery were used in the experimental equation sets.
 
Comparisons of the experimental and control equations utilizing land-use
 
information derived from high-altitude photographs showed significant
 
improvement in six equations incorporating Level I data and in five
 
equations where Level IIcategories were used. Only four equations
 
showed significant improvement using land-use information derived from
 
Landsat-l imagery. The lower resolution of imagery relative to high­
altitude photographs and difficulties in classifying certain spectral
 
signatures tend to lower the effectiveness of satellite sensors as a
 
means of providing detailed land-use information.
 
Of the wide range of streamflow characteristics tested, remotely
 
sensed land-use data yielded losses in accuracy only in estimates of
 
flood peaks. These losses in accuracy were probably due to land cover
 
changes stemming from temporal differences among the three primary land­
use data sources. For example, high-altitude photographs and satellite
 
imagery were obtained primarily in 1970 and 1972, respectively, and
 
streamflow records analyzed in this study terminated on September 30,
 
1967. Thus, remotely-sensed land-use data were not synchronous with
 
the period of flood-flow analysis. By way of contrast, map derived
 
land-use data incorporated in the control equations were obtained primarily
 
in the late 1950's, which closely represent the median date associated
 
with the streamflow records in this study.
 
71
 
OFP
 
Because the ability to accurately transfer streamflow data from
 
gaged to ungaged sites is increased by raising network efficiencies,
 
the application of remotely sensed land-use information to improve
 
streamflow network models is a potentially valuable analytical tool.
 
However, the generally favorable improvement in the network model of
 
the Maryland district of the U.S. Geological Survey following inclusion
 
of land-use data based on high-altitude photographs and satellite
 
imagery may or may not be exceeded inother parts of the Nation.
 
Accordingly, it is recommended that experiments, similar to those used
 
inthis report be conducted wherever remotely sensed land-use data are
 
currently available. This would permit the making of accurate assess­
ments of the use of remotely sensed land-use information to improve
 
streamflow network models under a wide range of physiographic,
 
climatic, and geologic settings.
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Table Al.. - Streamflow and basin characteristicsof stations used in multiple regression analysis 
(see explanation on. p. 84). 
Al o (D 0 0®D Q Q) (D®®
COM/AA SLOPE LNGTH ELEV STORAGE FOREST SOIL TIMETDPK 
0147aOO 7.4600 67.1000 5.7000 270.999a 0.0190 19.0000 3.0000 0.0 a 3.0 B 0.0 B 
147J000 20.5o0 22.7000 12.6000 198.9999 u.07u0 19.0000 3.7300 0.0 a 0.0 8 0.0 B 
1478a500 66.7000 18.4000 18.4000 379.9998 0.0730 L9.0000 3.7000 0.0 8 0.0 B 0.0 a 
1483230 3.8500 15.8000 2.3600 64.0003 0.7000 43.0v0j 3.7003 0.0 a 0.0 8 0.0 B 
148J500 9.3500 0.JU0 b.00 61.00L, 0.0100 21.0300 3.700, 0.0 8 0.0 a 0.0 B 
1484300 7.08JO 7.8900 4.9000 38.0000 3.9530 54.0000 3.7000 0.0 8 0.0 B 0.0 8 
1484500 5.2400 4.8700 *.S000 46.0000 U.0400 51.0UO 3.7000 0.0 B 0.0 a 0.0 B 
1485000 60.5000 1.4900 14.9000 44.JUO 15.8930 30.0000 3.7000 0.0 3 z.O a o.o a 
1485500 44.90J0 3.5600 13.1000 46.?000 0.2330 85.0000 3.7000 0.0 B 0.0 B 0.0 a 
1486000 5.8000 5.470o 4.2000 32.000U 0.0 51.000V 3.7003 0.0 a 0.0 a 0.0 8 
1486500 19.5)00 5.8600 9.5000 50.000o 2.3000 48.0000 3.7000 0.0 B 0.0 B 0.0 8 
1457000 75.4000 3.2300 14.3000 50.0000 1.7030 40.0000 3.7000 0.0 8 0.0 8 0.0 B 
1487500 16.7000 4.8200 7.5000 50.000J 1.635a 7L.030J - '0 0.0 a 0.0 8 1 
1488500 44.8000 2.6500 11.9000 56.0000 0.3000 29.0000 3.7030 0.0 0.0 8 0.0 a 
1489000 7.1000 7.6500 5.5000 46.0000 3.4740 34.0000 3.7000 0.0 B 0.0 B 0.0 B 
1490000 15.0000 4.5300 7.3000 28.0000 0.1000 50.0000 3.7000 0.0 a 0.0 B 0.0 B 
1491000 112.9999 3.0100 19.0000 60.0003) 1.90S0 35.0000 3.7003 0.0 a 0.0 B 0.0 B 
1492000 5.8500 14. 6000 4.LO00 55.0000 0.0 26.0000 3.7003 0.0 a 0.0 B 0.0 B 
1492500 8.0900 U.8000 6.1000 59.0000 0.0 3z.U000 3.2003 0.0 a 0.0 B 0.0 B 
1493000 22.3300 6.0600 9.900 61.0000 1.540o 43.0000 3.7000 0.0 0.0 8 0.0 a 
1493500 10.5000 9.1500 6.1000 60.000j 0.2000 0.0000 3.7000 0.0 a 0.0 8 o.o a 
L494000 12.5000 10.6000 5.600J 67.J000 0.0060 24.0000 3.2000 0.0 a 0.0 B 0.0 8 
1495000 52.6000 17.9000 23.3000 397.999d 0o0530 14.0UO 3.703D 0.0 a 0.0 8 0.0 a 
1495500 26.8000 23.7000 16.1030 358.9M9j 1.0650 23.0000 3.7000 0.0 2 0.0 8 00 8 
1579000 5.3100 38.0000 3.6000 347.9998 0.0770 19.0000 3.7000 0.0 8 0.0 8 0.0 B 
1586000 56.6000 23.9050 14.1000 746.999 0.0720 36.0000 3.300o 0.0 6 0.0 a 0.0 B 
1589300 32.5u00 21.000 13.7000 553.9998 0.0470 33.0000 3.3000 0.0 a o.O B 0.0 8 
1590000 6.5000 18.100P 4.6000 111.9999 0.3b10 70.0000 3.5000 0.0 8 0.0 a 0.0 8 
L591000 34.8000 28.2000 12.5000 580.990 0.0 2b.000 3.5000 0.0 a 0.0 B 0.0 B 
1594500 30.2000 7.4400 10.6000 147.0000 0.4030 47.0000 3.1000 0.0 a 0.0 6 0.0 a 
1594600 3.8500 22.8000 2.8000 105.9999 V.0 46.000 3.5000 0.0 a 0.0 B 0.0 B 
1655500 13.0000 77.1000 4.8000 639.9995 0.0 33.0000 3.3303 0.0 8 0.0 8 0.0 8 
1645200 3.7000 59.5000 2.9000 373.999 0.1400 26.0000 3.0400 0.0 B 0.0 8 0.0 B 
1658000 57.7000 10.5000 17.6000 182.9999 3.2090 59.003o 3.1000 0.0 B 0.0 B 0.0 8 
1653500 16.7000 z2.9000 8.5000 225.Y999 0.180 45.0000 3.0700 0.0 0.0 6 0.0 8 
1646550 4.1000 63.2000 2.9000 304.9998 O.G 14.0000 3.0400 0.0 a 0.0 a 0.0 8 
1648000 62.2300 12.bOuO 24.5000 38b.9998 0.0520 34.0000 3.0400 0.0 B 0.0 8 0.0 B 
1649500 72.8300 27.2000 15.7000 226.99"9 1.5300 56.0000 3.0600 0.0 a 0.0 I 0.0 B 
01650500 21.1000 19.3000 8.1000 414.9998 0.0400 31.0000 3.0400 0.0 a 0.0 B 0.0 B 
Table Al -- Strpamflow and basin characteristics of stations used in multiple regression analysis 
-- Continued. 
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* Table A-, -- Streamflow and basin characteristics of stations used in multiple regression analysis 
-- Continued. 
SNOFALL JAVPIN JULYMIX PA P, pIt, P25 PSO GA SDA 
01477800 20.0000 25.50n0 65.0000 1o99.9q93 2099.9990 29"9.998 499.996! 0.0 At 9.0260 3.0160
 
147800 24.0000 25.0000 66.5000 1404.9993 1740.9993 1971.9993 2274.9985 2508.9990 25.3000 7.6930
 
1478500 2,0000 5.UO00 06.000 2872.99u5 36d3.9985 41A4.9961 O.U P 0.0 B 7,.'100 6.1C00
 
1483200 20.0000 26. I00 $b.MOO 103.9999 393.q9g9 274.999A 407.998 530.9998 .2i20 1.97.0
 
1483500 |9,8800 ?6,,103 195.3.99 3.3"7 5"6 .059,9493 00 3 ID.6go0 3.5020
 148,30n 16.80000 27°500l) 06 PI,001 3?,bdu 5b.7000 I.°no0 a.0 A 0.0 F3 9.877D 3.G630 
144509 15.0000 ,8.0000 65.5000 S1.220 7Y. 801; 97.8800 122.2000 141.4999 6.989D 2.3680 
.485000 13.5000 P8.5G 65.5000 64e.999a .775.9995 450.9995 ,32.99v5 987.9995 65.6800 20.450014855DO 12.0000 2q.OUOP 67.0000 485.6997 727.7996 863.1995 1007.9990 0.0 B 50.1300 19.3200
 
1486000 12.0100 27.0000 65.00 117.7999 19l.4999 239.A999 ?9o.5999 0.0 9 3.9060 1.4.10
 
1486500 13.0000 28.0000 87.0000 243.2999 452.5946 616.-,996 53.2;96 1045,9995 23.1900 8.1980
 
3487000 36.5000 26.5000 86.5000 599.9998 999.9995 139.999 2.39.9965 2649.9985 90.4500 31.5900
 
1487500 14.0000 28.0000 86.0000 209.0999 333.7998 412.6997 5,15.79v5 00 B 16.1100 5.3830 
1488500 17.5000 2b.5000 b7.6600 6b(1.9998 1229.9990 l6'9.9993 72',.9S& 2819.;98 5'.4403 22.8600 
1489000 16.0000 27.0000 86.OoOO 177.2999 409.9b 616.499 . 935.596 0.0 6 5.769 3.2480 
1490000 15.0000 28.0000 86.5000 209.9999 33D,.9998 427.9995 551.q)9s 648.9995 .8.8300 5.0.7o 
1491000 19.0000 26.5j0b b7.5000 1593.990 2787.9988 3800.9g3 5361.996: 0.0 8 121.2999 57.8000 
1492000 17.0000 27.0000 H7.0,1OO 271.999 595.999b 967.9q99 119.v993 2589.9988 6.5830 2.8130 
1492500 18.0000 27.0000 87.5n00 170.9999 483.1997 844.V945 ,6u8.'i93 0.0 8 0.O 0 0.0 8 
1493000 20.0000 26.0000 87.000) 282.7998 511.5989 693.8997 973.4995 0.0 8 23.1200 9.3040 
1493500 21.0000 2b.OUO0 H7.0000 J56.9998 67?.9995 97.9995 ?329.9995 1679,9990 9.1770 3.2900 
1494000 20.0000 26.5000 h7.5Ii0 464.8991 8?8.7996 1165.9991 i731.999 0o0 8 0.0 6 0.0 8 
1495000 23.0000 24.5000 86.OOUO 3108.9985 4871.901 6292.9961 .404.961 102?9.9922 67.060D 18.4000 
1495500 21.0000 24.500,0 7.01)01) 1519.9993 2360.99b& 3191.9965 0.c R 0.0 b 36.2400 12.0400 
1519000 20.0000 24.0067 86.0o0 571.3997 954.7996 1?S1.q999 0.0 0.0 a o.745 2.3380 
1586000 2q.0000 24.5000 86.5000 2037.9990 eH3?.9985 3340.9988 3959.9v83 0.0 8 59.0703 19.o900 
1589300 26.0000 26.50I00 86.5000 900.4995 1259.9993 1639.9"90 0.0 A 0.0 B 29.26)0 8.:67G 
1590000 Z0.0000 26.0000 86.000 144.7999 238.0999 453.9998 6,4.999h 909.9995 10.1400 2.4306 
159100D 22.0000 23.5000 11.5000 1338.9993 288e.9990 4460.9961 73.6.9961 0.0 8 34.9400 12.5500 
1594500 20.0000 ?4.0000 M$.OOfO H03.9995 117 .9995 14P7.9990 1741.9093 0.0 8 26.1100 8.8690 
1594600 lf,.00o0 27.Sook 8.5000 137.9999 13o.1997 514.9996 0.0 8 O.0 U 4.1310 1.6780 
1655500 18.4000 d4.30)0 B7.0000 1019.9990 2119.998A ?B49.9988 1959.9983 0.0 13 11.0000 3.900 
1645200 19.0000 26.0000 87Ioo 4711.7996 8.7.9995 1113.9990 0,0 8 0.0 8 3.1670 0.7586 
1658009 17.0000 2o.u0 03 9W4.3494 1958.9990 3176.9983 5609.996I 0.0 6 52,6900 18.5D120 
1653500 18,0000 25.b000 67.000n 1047.9990 1734.99Y4 e30l3.9911 3,65.993 0.0 1a.3400 5.7310 
164655, 118.0000 26,000 81.0000 1115.9991 1652,9995 2039,9985 2563,9985 0,0 8 3.1700 0,8512 
164800t) 19.0000 26.0000 88.0000 1491.9990 ?460.9988 3254.9943 4445.9961 5480.9961 55.4800 18.O00 
1649500 19.0000 26.0000 87T..000 7295.4961 1564.9983 4607.99ol b,3. 9 9b] 75o5.9961 75.9100 20..600 
01650500 19.0000 25.5000 7.0000 1200.9995 l980.9994' 2675.9988 36113.9988 4b57.961 22.3400 7.958. 
Table Al. - Streamflow and basin characteristics of stations used in multiple regression analysis 
Continued. 
-m 12o 012 ( 0 G3 04 046 
01477800 3.3850 8,1?7f 9.5860 11.5900 14.3000 16.0--0 13.1600 9.3623 4.7731 6.:33 
147600 10.4yoV. 1200 26.6800 33.7600 42.7400 4..O5J0 3.4700 25.660 15.8500 i7.23oO 
1476500 38.1300 57.65u0 66.8400 67.4000 103.8999 173.0999 99.8600 80.0600 53,3700 45.32zz 
1483200 2.3760 4.1130 4.0980 5.4b30 7.3020 9.074. 6.9190 3.E790 1.9710 1.779­
1*831'0 5.8180 )1.2900 11.4300 13.6000 1..9600 16.5e00 14.0700 12.4100 7.5620 7.0 O 
1454300 6.3050 7.2720 8.1010 1C.3400 12.1800 15.5400 14.6400 10.670d 8.1930 7.622 
1484500 3.1;20 4.8500 6.8670 9.4310 10.4200 13.070 9.7560 7.3100 5.7490 4.71-1 
1485000 29.3300 41,2800 70.9000 97.9700 125.7999 146.399 100.0999 53.0600 36.9600 22.3600 
1485500 19.3300 32.8500 51.2300 73.54J3 97.0300 117.699 75.5200 41.6200 27.2:00 15.56 
1486000 1.3460 1.8790 4.0750 6.941C 6.7050 9,658$ 5.7620 2.6530 1.6340 0.7.3' 
3486505 
1467 0 
14.44G 
40.6350 
lI, CO 
67.6900 
22.980a 
91.3004) 
29.6600 
121.0999 
34.1900 
132.61r9 
.,62D 
164.::9 
32.3200 
1.0. 999 
23.00 
86.010& 
17.5000 
69.3030 
12.c00 
60.12c, 
1487500 5.3h70 9.7720 15.6000 22.6500 30.4800 37.O5,0 26.4100 15.5200 9.7350 4,t, 
-4 
0) 
146500 
1489000 
12.5300 
3.7340 
37.2200 
6.1440 
58.040D 
8.27T40 
81.1900 
11.760,1 
a3.660 
14.1300 
1.,.6,999 
ln.o0Cr 
70.70oo 
12.6700 
4C.63;0 
7.010 
28.2000 
5.7320 
35.56C0 
4,351: 
1490000 7.818, 12,5900 15.7A)0 22.1700 F7.4500 33.0700 25.b100 15.9400 10.9300 8.03% 
1491000 
1492000 
36.5900 
2.2630 
99.7200 
5.816n 
138,7999 
6.634n 
181.9q99 
8.4430 
211.9999 
11.4500 
254.sg-Q 
13.4700 
173.9999 
9.6060 
105.5999 
4.6400 
59.0005 
2,7010 
36.1C. 
3.:730 
1492500 
1493000 
0.0 H 
11.6900 
0.0 9 
16.4600 
0.0 
20,660 
H 0.0 1 
8.6200 
3.0 
35.A600 
C.0 
'3.u3tO 
d 0.0 R 
34.0600 
0.3 6 
23.7500 
0.0 p 
16.8400 
O.G z 
13.4COC 
1493500 
1494000 
5.9650 
0.0 H 
B.1890 
0.0 A 
9.4250 
0.0 4 
11.3500 
0.0 . 
IZ.ILO0 
0.0 4-
13.520 
0.0 6 
)0.1400 
0.0 9 
7.8000 
0.0 3 
o.0730 
0.0 a 
4A310 
0.0 5 
1495010 37.5100 51.9400 511.8300 9.3700 9.3600 101.1q99 90.6400 73.3300 54.1400 56.22CC 
1495500 
1579000 
15.4100 
3.1910 
19.9400 
5.3600 
44.9600 
7.795t 
45.7700 
8.470 
54.530 
9.050 
63.4.2) 
10 .OhDO 
!2.2601 
9.3530 
43..800 
7.9640 
30.9100 
5.3590 
25.1900 
5.8150 
4586000 31.7800 46.4400 !3.9100 67.56u0 A..8500 94.6500 $1.000 71.7-00 55.5000 48.3t0 
1589300 15.8200 22.4400 26.3500 34.4100 4b.0300 54.632Cr 43.9000 31.3900 19.9500 16.4202 
1590000 7.9370 9.7980 9.94b0 11.2200 12.0900 13.4800 13.4600 11.1200 6..590 7.5270 
1591000 1S.0',- 24.1610 3n,°600 4 1r3l 5.,S00 -9.3900 51.2500 42.2800 31.8700 25.9700 
1594500 12.4900 20.6400 25.340' 33.4300 43°.400 55.5000 43.9100 28.6403 17.5800 14.45ec 
1594600 1.8730 ?.0740 3.3470 4.245n 5.7790 8.5990 7.9200 5.1490 3.9350 2.3460 
1655500 4.2001 6.9000 10.0000 14.0000 20.0000 26.0000 20.0000 13.0000 6.5000 4.8020 
1645200 1.4274' 1Wil (1 2.294(1 3.960 4.it?30 5.696" 4.373n ,.3610 2.8270 2 
1658000 18.7700 37.8500 98.0300 76.6200 10h.7999 133.5999 b9.7550 37.7.00 21.4900 10.9300 
1653500 
164655A 
10.5800 
1.9.90 
19,160n 
2.T2'0 
18.810 
2.94 5n 
20.3600 
°.?450 
e7.7100 
3.556V 
33.2300 
4.1960 
7.6700 
3.6530 
20.9300 
3.7770 
12,3500 
3.2280 
8.5z9t 
2.19ou 
1648000 33.270n 44.6100 49.4600 64.7000 79.,700 47,0600 S0.6700 64.2360 47.b.00 39.9,0 
1649500 44.5100 63.4400 1S.3900 49.6600 110.i3999 1'6.000 10.2000 78.6100 57.5500 46.1700 
1650500 I7.6;00 21.68U0 H.5800 26.750) 37.0900 41.6700 31.7500 22.3100 17.2300 31.5003 
Table Al. -- Streamflow and basin characteristics of stations used in multiple regression analysis 
-- Continued. 
'8a4 SD)1O Srii 502 S() S,2 S,3 S54 5 
01477800 7.462n 4.3810 3.337' 6.9490 6.2290 7.665n 6.0220 6.248D 6.aZ3 7.7360 
,47000 20.090 12.230 7.500 IP.5700 17.4500 17.1503 17.9,V0 17.Et5O 17.13.0 .6.9503 
1478500 
143200 
62.3600 
2.050 
39.0700 
2.51k0 
14.3elO 
1.09 00 
24.9730 
7.6.40 
3b.1100 
2.3910 
53.05L' 
2.9543 
t9.20 
3.587o 
.9.8800 
4.9430 
53.470C 
3.621^ 
50.3903 
2."2A 
1483500 7.900C 5.90?0 1..63n 7.92t0 6.bu 6.Pbo0 6.3.50 5.6640 6.0010 4.7590 
1484300 9.8520 7.5470 3.7240 2.9260 2.9700 3.,v3' 5.30..756 6.8210 .2620 
1484500 
1455000 
1485500 
5.4740 
45.39,. 
3b.8700 
3.26'0 
17.7v30 
13.1600 
1.7103 
34.1300 
24.6900 
3.6.40 
31.6400 
30.1000 
5.5100 
35.?,)0 
27.900 
4.869; 
1,6.140". 
44.773M, 
4.99,C 
(9.8.0 
6C.7200 
5.8553 
75.7100 
63.d500 
.. 3?3: 
53. 500 
46.7130 
3.73q0 
39.3300 
43.1700 
14m6000 2.5260 1.1490 2.1790 1.9941 2.4?60 4. .Z70 4.8170 5.1560 2.9 0 2.7550 
1486500 20.8103 12.4603 10.0,U0 10.903, 16.6,00 15.5710 .7-3C 18.6903 ,.S90C 13.2600 
187000 76.Elu0 49.8650 20.340*) 39.0903 6v.670u 66.35.0 75.j6v 77. 603 5.933 37.bEOO 
1487500 11.6400 5.1700 5.A?2n 1.926b 6.0330 13.0-00 16.o8v3 1f.I1GC 12.83)3 10.530C 
1486500 46.74u0 17.5200 6.8120 42.4300 57.?640 49.1230 48.700)0 55.4103D 5..2c 33.1i.C 
to 
1489000 
1490000 
9.9420 
13.bbOo 
4.9800 
9.4120 
2.06o0 
3.6070 
5.5400 
5.5280 
5.126'J 
7.3800 
6.b4. 
Ie.2:03 
'.340 
15.-oOG 
7.2420 
lt.503 
5.55)0 
13.2,3 
3.4360 
8.3130 
1491000 111.6999 47.3400 33.91u0 113.4999 h?4.o999 125.199" 111.1999 93.1,900 9b.8999 74.3600 
1492000 7,5170 3.1740 2.4460 6.3540 4.3770 5.&.90 7.395f 5.69,40 4.9'80 4.2760 
1492500 0.0 D 0. b 0.0 8 0.0 4 0.0 A 0.0 n 0.0 8 0.0 8 0.0 8 0.0 a 
1493000 
1493500 
18.1h00 
9.0931 
15.3200 
7.6260 
7.12bn 
2.3160 
11.4100 
3.2910 
12.8100 
4.69O 
17.5100 
6.3910 
:8'.70 
4.J11 
19.8600 
5.9080 
17.0;00 
5.1e20 
11.0700 
3.5310 
1494000 0.0 I 0.0 0.0 H 0.0 H 0.0 4 0.0 6 0.0 0 0.0 v 3.3 040 
0 
1495000 
1495V0 
1579000 
60.7700 
34.0200 
4.9770 
44.?300 
?0.2030 
3.7090 
16.8(00 
4.4103 
0n.273 
2.1000 
13.2000 
?.?T90 
27.1800 
22.4000 
3.9910 
43.C000 
2d.5500 
,.'3b.3 
41.-930 
1 7 .37 
3.u323 
3!.0b0 
24.000 
2.9573 
37.8 00 
23,7700 
3.80.0 
34.E003 
23.8c-5 
4 
.0o0 
15A6000 
198300 
44.3900 
22.5000 
32.1500 
16.4300 
12.6600 
4.8660 
?6.9900 
B.H980 
30.3000 
65.h900 
31.140, 
16.8310' 
33.6500 
17.040J 
28.3803 
21.7900 
40.6,00 
19.4i00 
39.6200 
15.0900 
1540000 9.3570 7.4560 3. 16f. 3.6h70 3.7640 4.1160 3.5920 3.8130 .4390 4.2630 
1591000 23.6800 20.0500 6.9990 16.4200 24.0300 ?4.3300 P1.0000 19.7600 28.0100 25.99u0 
1594500 25.8000 16.0100 10.,9DOU Ib210 15.6100 19.7301 17.5500 24,1'00 22.4900 19.1400 
1594600 1.964n 1.640n 1.3471 0.9726 1.74s0 1.9210 2.75-0 3.9950 3.5760 3.1380 
40 1655500 7.0000 .. 1000 4.3000 8.3300 M.91100 9.40v0 11.0100 10.0000 9.7000 8.3000 
1645200 
1690000 
?.Ob9O 
35.700 
2.0970 
13.3800 
0.814? 
39.2300 
1.3060 
?;.hflnO 
1.003 
"9.0200 
2.0?1] 
43f.0411 
.'3 
,2..0 
2.0420 
bb. 3 
1.7430 
.- D..02 
1.3160 
L4.7700 
1653500 13.6100 l1.42u0 9.70, 10.07U0 1?.ltuO1.2900 11.bovO 13. 103 13...*0 16.9900 
1646550 3.4990 2.467,) 1.1910 2.1131) 2.?130 1.648,, 1 . 30 !.Uhbo 2.3790 2.647G 
1648000 43.1400 3?.200 28.5600 33.000 28.6100 34.2200 37.6600 33.7330 36.2700 29.7500 
1649500 
1650500 
66.4600 
17.5300 
42.6%0" 
15.4200 
44.0900 
14.3400 
3h.4,00 
11O.9200 
41.7200 
9.0740 
45,7100 
14.H300 
47.9)0C 
2.1900 
49.5900 
L5.7400 
52.1700 
16.9900 
42.7000 
12.5600 
-Tabla.Al. - Streamflow and basin characteristics of stations used in multiple regression analysis 
-- Continued. 
Si1 506SD8 SU9 "7,? - 725 M7. 1T,20 v3.2 ,3ZS 
1477600 2.915A 5.6T0 13.6400 4.6430 0.!1DD U.." 8 0.200C 0.2000 112.9999 244.9999 1478000 9.?300 16.400 29.0600 11.4600 3.6000 
 0.0 . 1.3000 0.9000 273.7998 .24.996 
1478500 27.8900 29.071)n 6b.6300 18.300 17.0000 0-0 7.6000 6.0000 533.0996 539.75 
1483200 1.0110 2.2070 2.0650 3.3720 0.4010 V.0 , 0.0 0.0 0.0 .3 d1483500 
 2.6740 5.n64C 6.2830 ?.950o 3.0000 0. !.9000 1.7000 66..,0 231.8999 
1484300 2.1700 4.5600 7.9A70 4.6420 3.8000 0.0 6 1.90c0 1.5000 26..OO 59.00014845.00 4.5700 3.4680 5.2440 1.6390 r.6010 G.0 0.6001 2.4000 .9.2530 76.5000
1485000 28.4500 17.2210 51.7500 13.0500 6.6000 0.0 4 2.600" 2.0000 0.0 a G.Z 6 
1485500 19.580 19.6000 55.5100 12.3000 ?.7000 0.0 H 1.40 1.2000 421.6997 73C.0996 
1486000 
 1.5440 0.6776 4.5260 2.1800 0.1010 0.0 6 0.0002 0.0 44.82- 3.350"1486503 12.3700 6.4960 22.5200 5.93dn 5.4010 0.0 6 0.0 4 0.0 8 137.o99 355.7998
1487000 52.3700 43.2600 94.6700 46.9300 22.0060 0.0 b 14,0V00 12.0000 0.0 d C.0 B
 
-00 1487500 5.41-0 3.5210 17.9400 
 6.2270 0.3010 0.0 1 ... 0.1000 109.8999 29.7999
C0 1488500 30.9b00 47.0800 79.6400 25.3400 4.6000 2 1.5000 0.3 B 0.3 0
0.0 .000. 1489000 3.463J 4.0200 13.2400 5.8510 1.0000 0.0 b 0.1003 0.0 65.2300 2:24 99 
1490000 3.6360 3.1240 15.7900 8.0100 3.300D 0.') b 1.0 1.56000 0.0 8 0., 51491000 43.71C0 42.4000 218.0999 72.3500 10.0000 0.0 4.5000 3.4000 
 103.AGS 3745.9i35
 
1492000 2.156Q 5.2760 11.1500 7.1960 0.1010 0.0 G 0.0 0.0 0.0 B 0.0
 
1492500 0.0 
 8 0.0 $ 0.0 3 0.0 H OCO t 0.0 b 0.0 q 0.0 S 0.0 b 0.0 3
 
1493000 10.0.00 7.3636 16.8400 19.1700 6.6000 0.0 b 3.900 
 0.0 8 133.399; .30.23;6

L493500 5.87PO 4.9680 /.190 
 7.4800 2.9000 0.0 S 1.4000 1.0000 3.0 8 0.3 3
 
1494000 0.0 R U.0 H 0.0 4 0.0 U 0.0 0.D 80. 0 F 0.0 B 0.3 B 0.0 8
1495000 23.8"00 
 34.00D0 58.73110 30.500 19.0)00 0. . 6.90.0 7.2000 540.307 11[4.9900
1495500 9.9920 13.6000 37.7900 10.7800 0.0 , 0.0 0 0.0 R 0.0 8 0.0 M C.0 8 
1579000 1.66b8 4.0110 4.0400 1.99500 0.0 e 0.0 b 0.0 4 0.0 6 0.o a 0.0 a1586000 3t.0200 30.1300 38.3700 16.6600 17.0000 0.0 H 7.6000 5.7000 404.b997 819 .e9 9 7 
1589300 8.9610 9.05S0 ?8.8700 11.5400 6.0000 0.0 6 2.9000 2.3000 257.992 0.0 a1590000 3.3b9l) 3.7640 7.0040 3.8980 3.7000 0.0 d 2.0000 1.7000 49.1900 160.0999
 
1591000 "'21.6903 ?4.9400 24.120 1s.n8a0 7.300n 0.0 U 3.1310 2.2000 267.3994 736.,997
1594500 14.8300 13.R900 32.3100 19.9100 1.9000 
 0.0 N 0.5000 0.3000 296.7998 609.9998 
1594600 2.RS90 1.9920 2.106n ?.0930 0.2010 0.0 0.0331 0.0 21.0000 0.0 U 
1655500 9.0600 410000 1V..08 4.A(IO 0.3100 0.0 H 0.!000 0.0700 0.0 a 0.0 B
1645200 1.6?30 3.2750 3.1740 e.0540 0.0 0.0 6 0.0 R 0.0 a 0.0 8 0.0 b
1658000 14.lnoO 13.0000 99. 1)0 31.7400 0.0010 0.ql (1 0.0001 0.0 553.999o 1569.9490
1653500 8.6 00 7.0730 P1.4600 13.2700 0.9010 0.0 . O.OGjl 0.0 127.7999 5.5.0996 
164655,1 2.6770 3.6000 3.9290 ?.5350 0.010 0.0 U 0.10,0 0.0 3,.5800 1°4.6999 
1648000 21.0900 36.1300 4].05100 30.6700 3,4)00 0.0 H 2.2060 1.4000 470.8997 1073.9993 
2649500 49.8700 64.60P 65b.99ili 31.4800 11.0000 0.0 b 4.8000 3.6000 794.8997 1468.99931650500 10.3400 5.3110 17.6400 15.6800 3.600 0.0 b 0.9000 0.60U0 184.9999 449.9991 
12 OR 	 Table A. - Streamflow and basin characteristics of stations used in multiple regression analysis 
-- Continued. 
* VJ,50 V7.2 V7.10 V7,25 V7,50 050
 
0 	 1477800 0.0 B 61.0000 96.0000 119.0000 0.0 3.0001
 
1478000 457.199? 148.2999 223.S994 263.1997 293.2998 12.6000
 
147800 O.0 0 310.6997 517.9998 639.6997 0.0 H 48.50C0
 
149320n 0.0 B 18.6600 39.0000 0.0 e 0.0 0. ti
 
148350 0.0 P 00.0700 92.0000 110.7n01) 0.0 H 7.250n
 
1481300 0.0 t 23.5000 42.5000 52.0000 0.0 1, 8.6 0D
 
1484500 91.6800 25.L600 .6.0000 57.0700 65.2500 4.9500
 
1485000 0.0 6 340.0'99 515.9998 0.0 H 0.0 H 0.0 U
 
1485500 0.0 b 313.1997 48R.9998 534.499I' 0.0 11 24.0500
 
1486000 0.0 8 26.0800 48.0000 57.0700 0.0 04 1.40u
 
1486500 420.8997 93.9600 179.9999 222.3994 212.6999 16.7000
 
1487000 0.0 6 365.9998 724.9995 0.0 H 1070.9993 0.0 8
 
1487500 0.0 B 76.5900 129.9999 154.4999 0.0 6 10.600.
 
1488500 0.0 Ii 316.1997 6 2.9995 0.() 971.3997 0.0 b
 
1489000 0.0 If 41.9000 86.0000 107.9999 0.0 8 b.000
 
1490000 0.0 a 74.1400 128.999g 0.0 H 0.0 0°0
 
1491000 0.0 8 713.1,995 1579.9993 1975.9993 0.0 H 57.5000
 
1492000 O. d 43.0000 100.0000 0.0 ' 0.0 0.0 H
 
1492500 0.0 If 0.5 11 D.0 A 0.1) . 0.0 .i 0.0 h
 
1493000 0.0 8 94.0400 193.9999 246.9999 0.0 '1 15.0000
 
1493500 0.0 8 48.4800 66.0000 0.0 8 0.0 P 0.0 .4
 
1494000 0.0 8 0.0 a 0.0 F 0.0 h 0.0 A 0.0 b
 
1495000 1321.9993 302.b991 506.9998 629.6997 729.6997 45.51 t 
 1 
1495500 0.0 t 0.0 R 0.0 11 0.0 a 0.0 1, 23.3000
 
1579000 0.0 A 0.0 H 0.0 H 0.0 R 0.0 , 4.4000o
 
156000 0.0 6 252.4999 401.9998 466.0996 0.0 H 41.0006
 
15893O0 0.0 8 151.9999 246.9999 0.0 8 0.0 H 17.0000
 
1590000 210.5999 32.6700 63.0090 85.3400 105.0999 8.150
 
1 910D0 0.0 8 170.0000 334.9998 4 .7T998 0.0 A 23.2000
 
1594500 0.0 0 170.2999 290.99911 363.1997 0.0 H 14.8000
 
1694600 0.0 8 15.0000 27.0000 0.0 A 0.0 . P.800
 
1655500 0.0 H 8.0000 131.9999 144.9999 151,9999 0.0 8
 
1645 00 0.0 d 0.0 8 0.0 F 0.0 1, 0.0 H 1.6o00
 
1658000 0.0 351.9998 1119.9993 0.0 P
I 786.9995 	 22.0000
 
1653500 0.0 6 10z.2999 203.9999 ?'0.39q7 0.0 r 11000
 
1646550 0.0 L ?0.8200 41.3100 53.6100 0.0 8 1.0000
 
1648000 122R.9990 282.7998 476.9998 562.J997 618.0q9 34.6000 
1649500 1601.9993 453.1997 722.9995 647.2996 935.0996 .4.0000 
160550 559.9998 10)5.9999 199.9999 e49.9999 269.9998 12.9000
 
Table Al. --	Streamflow and basin characteristics of stations used in multiple regression analysis
 
-- Continued.
 
ON0RAN8LT A RICULT GAPFORST W#T&g U9t Nr UP4ANI URUANO FOrSTL v0N5TV0 URRNR#2 
l'77800 84.9000 3.5000 11.0000 0.6000 69.b,00 10.5000 ".6000 0.90C3 	 50.3003147&0e3 20.9000 59.9000 19.Z000 0.P 15,000 4.3000 0.6003 1.0003 oe.I"2 2:.?Cv 
14T8500 3 .OvOO 7F.0000 1q.0000 0.0500 1.7000 1.0000 0.3000 0.5300 13.5n: 2.70001463?00 0.0 bl.oaoO 37.o0G) 0.8000 0.4 0.0 0.0 1.3 37.6010 C.0
1483500 0.0 52.3000 17.7000 0.0 0.0 0.0 0.0 0.203 17.5C.: 0.0
1464300 0.0 46.5000 52.5000 0.6000 0.0 O.U 0.0 0.TO0 51.8001 0.0 
14,4500 1.3000 56.5000 4?.000 0.0 0.0 1.3000 0.0 0.0 42.2000 1.30001485000 0.2000 49.400, 50.2000 
 n.0 0.2000 0.0 0.0 0.9000 49.3003 0.2000
 
1485500 0.2000 19.2000 79.8000 0.0 0.2000 0.0 0.0 5.1000 7..0O0 0.20001486000 0.0 31.6000 68.4000 0.0 0.0 0.0 0.0 0.5003 67.90:1 0.01486500 5.1000 1.3000 49.6401 0.4000 1.9.100 3.2000 0.0 1.9000 47..&, 5.1000 
1467006 1.11000 57.4'130 41.3040 0.0 l.0*00 *n100 0 0.0 0.200) 41.203 1.106C 
1487500 0.0 26.1000 7e.800 0.60U0 0.0 0.0 0.0 9 7003 o3..'C: 0.0
1468500 0.1000 58.0000 41.90,0 0.0 0.100a 0.0 0.0 0.2003 'j.103 0.10001469000 0.0 72.5000 27.51J0 U.0 0.0 0.0 0.0 0.0 27.509 0.0
 
1490000 0.r 53.0000 46.R00 0.2000 0.0 0.0 0.0 Z.8000 4.0:3" 0.0
1491000 0.1000 55.80.00 43.QAIO 0.0 0.1000 3.0 0.0 0.9000 43.0:00 0.10001492000 0.0 71.2000 28.9000 0.0 0.0 0.0 0.0 
 0.0 28.0000 0.0
 
1492500 0.0 67.9000 32.1000 0.0 0.0 0.0 0.0 0.0 32.1000 G.01493000 0.A000 70.1000 '9.2000 0.3000 0.4000 0.0 0.0 1.500D 27.700: 0.40001493500 0.0 9b.2000 3.0000 0*0 0.0 0.0 0.0 0.0 3.BCGO 3.01494000 0.0 73,5000 26.0d00 	 30.0 0.0 0.03 0.0 0.2000 26. u C 0.0 
1495001) 1.1000 '.9000 13.0400 0.0 0.9000 0.2000 0 0 0.0 0.i000 12.900., . 01495500 1.20C0 79.5000 I8.30JO 0.1000 00j( 0.4000 0.0 3.1000 15.2000 1.1000
 
1579000 1.9000 71.4000 24.3100 0.0 1.00 0.0 0.0 2.0CO 22,733 1.90001586000 3.6000 70.9000 ?S.3001) 0.000 2.3000 1.2000 0.1000 1.6000 23.7003 3.500015IA93 0O S.4000 43.7000 40.0000 0.0 ?7.3n00 5.7100 2,o00 6.7000 33.33CC 33.0)001594000 0.0 33.0000 67.U(00 U.0 0.0 0.0 0.0 0.0 o7.C003 0.0 
1541900 1.1o0 v6.3000 3?.?000 0.0 1.4000 0.1000 0.41 0.4000 33.8000 1.5000 
15g4 5 00  10.5000 38.6000 4?.9000 0.0 12.6D0O 3.8000 2.1000 1.5000 41.4300 16.40001594600 1.6000 57.700 40.7000 0.0 J."100 0.0 0.! 0.0 g.7,500 1.6000 
1655o00 1.000 63.1000 34.61100 0.4000 1.6000 0.3000 0.') 1.bOO 33.2300 1.9030 1645200 425000 40.9000 
 16.60o0 0.0 . P6.?000 1..0000 2.3000 4.6000 11.6000 40.2000
1658000 7.2000 24.7000 68.0000 0.101O A.5000 P.3000 0.9000 1.0000 67.000C o.30001653500 63.2000 4.8100 3e.0r00 (.0 39.7flhl 12.2000 
 )03000 3.6000 26.40;1 51.9000 
1646550 93.9000 0.0 h.1o00 0.0 73.1)000 17.0000 9.0000 3.7000 2.4300 - 55.00001646000 53.300V 25.7M0 .0o1 0V 0.3000 3(.bOO 10.0000 S.8000 2.bOO0 18.10C; 47.50001649500 45.1000 15.8300 38.9000 (.?000 ?4.9000 11.7000 8.5000 2.6000 
 36.6000 36.600"
 
1650500 26.0300 42.4D0, 31.6000 0.0 IS.3000 1.sOno 9.2000 6.0000 25.6000 1 .8000 
Table Al, - Streamflow and basin characteristics of stations used in multiple regression analysis 
-- Continued. 
ERTSRFS ERTPAGRI ERTSFNST ERT.ALTR 
.02477800 86,CD 0.0 14.0o00 0.0 
1478c00 12.0000 s5. OO 30.000 2.0003 
147?5M I.0 8C.0030 20.OOuO 0.0 
0.D L1.030 .9.O000 C,0
 
14d3no .0 91.0000 9.0000 0.0
 
1.A30 0. 52,0000 48.0000 0.0
 
h2E500 1.,-Z . 38.0003 .0o
 
I485000 0.0 -3.0000 56.0000 1.O00
 
1485500 2,COOc 2o.OO0 72.0000 0.0
 
148&O00 0.0 33.000 70.0000 0.0
 
14d6500 4.C00 51.0000 45.0600 0,0 
14P7Cr0 0.0 5..0000 4 .000 1.0000
 
14875d0 0.0 22.0000 72.0000 0,0
 
'48500 -,.0C0 56.0000 40.D000 0.G
 
j0aOO0 O. 71.0000 29.000 0.0
 
1493000 0.0 47.0000 53.0000 0.0
 
141000 1.0000 55.0000 44.6000 0.0
 
1492000 0.0 93.0000 7.000 0.0
 
1492500 0.0 69.0000 31.0000 0.0
 
1493000 0.0 74.0000 26.0000 0.0
 
14q3500 0.0 97.G000 3.0000 0.0
 
144000 0.G 71.0000 29.0000 0.0
 
1495000 0.0 6C.0000 20.0000 0.0 C
 
147;00 0.0 99.0000 30.1000 0.0
 
1579000 0.0 9.000 30.1000 0.0
 
15A6"00 2,0000 81.0000 17.0000 0.0
 
158400 45.000 25.0000 30.0000 0.0
 
15O lO 130DC 62.000 0 0.
50000 I. 300 

15;1006 0.0 t5.0000 35.0000 0.0
 
159k500 19.0000 35.0000 46.0000 0.0 I
1594600 L.u 58.0000 4 .,0000 0.0 . . 
S55500 D.0 81,0000 19.0000 0.0
 
1645200 61.0000 24.0000 15.0000 0.0
 
264$V0b 49,0000 34.0000 16.0000 1.0000
 
1649500 56.0000 13.0000 32.0030 0.0
 
1650500 6.0000 71.0000 23.0000 0.0
 
71653500 85.0000 0.0 15.0000 0.0
 
.01658000 1.0000 29.0000 70.0000 0.0
 
EXPLANATION
 
B. 	 Missing data.
 
Station No. 	 These eight digit numbers are permanent nationwide
 
numbers assigned by the U.S. Geological SurVey to
 
stations at which streamflow data are collected on a
 
recurrent basis.
 
Col. 1 	 Drainage area, in square miles.
 
Col. 2 	 Main-channel slope, in feet per mile, dete -mined from
 
elevations at points .0 percent and 85 per ent of the
 
distance along the channel from the gaging station to
 
the drainage divide.
 
Col. 3 	 Main-channel length, in miles, from the gaging station
 
to the basin divide.
 
Col. 4 	 Mean-basin elevation, in feet above mean sea level.
 
Col. 5 	 Storage, in percent, of the drainage area covered by
 
lakes, ponds, and swamps.
 
Col. 6 	 Forest cover, in percent, of the drainage area covered
 
by forests as shown on USGS 1:24,000 scale topographic
 
maps.
 
Col. 7 	 Soil index, a measure of potential maximum infiltration
 
capacity, in inches, estimated from a map or from other
 
data provided by the U.S. Soil Conservation-Service.
 
Cols. 8-18 	 Not used in the analysis.
 
Col. 19 	 Mean annual precipitation, in inches, determined from
 
an isohyetal map prepared from National Weather Service
 
records.
 
Col. 20 	 Precipitation intensity, which is the maximum 24-hour
 
rainfall, in inches, having a recurrence interval of
 
2 years (24-hour 2-year rainfall).
 
Col. 21 	 Average annual snowfall, in inches, estimated from maps
 
of average snowfall prepared from National Weather
 
Service records.
 
Col. 22 	 Average minimum January temperature, in degrees Fahrenheit.
 
Col. 23 	 Average maximum July temperature, in degrees Fahrenheit.
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Col. 24-28 	 Flood-peak charac:eristics are represented by discharge
 
from the annual f-ood-frequency curve at recurrence
 
intervals of 2, 5, 10, 25, and 50 years.
 
Col. 29 	 Mean annual discharge, in ft3/s.
 
Col. 30 	 Standard deviation of mean annual flows, in ft3/s.
 
Col. 31-42 Mean monthly discharge, in ft3Is beginning with QI0
 
(October).
 
Col. 43-54 	 Standard deviation on monthly flows, in ft 3/s.
 
Col. 55-58 	 Low-flow characteristics are the annual minimum 7-day
 
mean flows, in ft3 /s at 2-year, 10-year, and 20-year
 
recurrence intervals ( M7, M7,10 and M7,20) ; Col. 56
 
not used.
 
Col. 59-65 	 Flood-volume characteristics represent the annual
 
highest average flow, in ft3/s for 3-day periods at
 
recurrence intervals of 2, 25, and 50 years and for
 
7-day periods at recurrence intervals of 2, 10, 25,
 
and 50 years.
 
Col. 66 	 Fifty percentile discharge on the flow duration curve,
 
in ft3/s.
 
Col. 67 	 Not used in the analysis.
 
Col. 68-71 	 Level I land use categories, in percent, determined
 
from high altitude areal photographs.-

Col. 72-77 	 Level II land use categories, in percent, determined
 
from high altitude areal photographs.
 
Col. 78-81 	 Level I land use categories, in percent, determined
 
from Landsat (ERTS) imagery.
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